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[lU'oc'ivod for publicntion, MnrcL .'U, 1937.] 


■\V}; have recently reported the re.sult.s of diet survo3'S carried out in various 
South Indian village.s (Aykrovd and Krishiian, 1937). This investigation included 
tlic studv of 3‘J fauiilie.s in tlic neighbourhood of Mayanur, Trichinopoly district, 
durin<i July and August 1930. It was pointed out tliat a single diet survey 
covering a j)eriod of 20 daj's might give a false impression of dietary habits 
throughout the year, because seasonal variation might be considerable. In 
Fcbruar\' 1937 an opportunit}' arose of organizing a further surve}’ in the Maj'anur 
di.strict, and we felt that the repetition of a survey at a different season would 
be as valuable as an entirel}’’ new investigation in another district. 

The inquiry reported here includes 25 families, 21 of which were studied 6 
months previously. As before, thej’- represented a cross-section of a village 
communit^^ A number of families were unwilling to undergo a second inquisition. 
It did not prove possible to carry out a 20 daj's survej'- in all cases, and the actual 
periods of inquir)^ were as follows : — 


20 daj-^s 


19 

15 




13 




9 


55 


11 families 

4 „ 

3 „ 

1 familj'- 
6 families 


In the case of the families studied for only 9 days, the investigation had to be 
discontinued owing to the intervention of a local festival lasting for a week. 

The methods of collecting and working up the data were the same as those 
described in the previous paper. Workers attached to the Servants of India 
Society Rural Centre, Mayanur, who participated in the previous inquiry, visited 
homes twice daily to weigh out the food and make records. Intake of calories 
proximate principles, and minerals have been worked out as before, the Inter- 
national scale of familj' co-efficients {Leagiie of Nations Health Organization, 1932) 
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being used to calculate the number of consumption units in each family 
(its man value). Analyses of Indian foodstuffs have been carried out in the 
Laboratories (Ranganathan ei al., 1937). 

Analyses oe diets. 

Intake of calories, proximate principles and minerals, and the percentage of 
total calories derived from cereals, are shown in the Table. Families are’arranged 
in descending order of calorie intake. The calorie intake recorded in the previous 
investigation is given for purposes of comparison. 

Mean calorie intake in the whole group (2,550) was higher than that calculated 
in the previous study for 29 families in the same district (2,400). Taking only the 
21 families investigated twice, the means in both investigations are 2,420 and 2,588 
respectively. Calorie intake was definitely higher in the majority of cases, only 
a small percentage showing a decrease. The general increase was largely due to 
a greater consumption of cereals, which probably resulted from the fact that 
February is a harvest season. 

In spite of the higher calorie intake, mean protein intake was the same as 
in the earlier study (63 ‘0 g. as compared wuth 62 '7 g.). This is due to the fact that 
more rice and less millet were consumed. Average fat intake was also the same 
in both investigations (26*9 g. and 27 ’8 g.). The mean of the whole group of 29 
families studied in 1936 is taken here as the basis of comparison. 

Mean intake of calcium, phosphorus, and iron per consumption unit daily 
in the two inquiries compared as follow's : — 


Year. 

1 

Calcium 

Phosphonis 

Iron 

(g-)- 

(g.)- 

(mg.). 

1936 . . 

0-31 

1-.51 

32-8 

1937 

1 

0-36 1 

1-90 

1 

.3.3-1 


Calcium intake was again below textbook requirements. Recent animal 
experiments have suggested that one of the most important defects of the South 
Indian diet is its deficiency of calcium. Phosphorus intake was higher because 
of the larger proportion of home-pounded rice in the diet. Chemical investiga- 
tions have shown that w^ashing and cooking deprive rice of about 70 per cent 
of its phosphorus. Even if this loss is allowed for, average phosphorus intake 
works out at 1'4 g. per consumption unit daily. 

Vitamin A was for practical purposes absent from the diet of 15 families. In 
the remaining families average intake was 120y per day (312 International units). 
Mean carotene intake was equivalent to about 750 International vitamin-A units, 
a ‘figure corresponding to that obtained in the first study. 

Milk . — The intake of milk products was not noticeably larger than that 
recorded in the previous investigation. Thirteen out of the 25 families consumed 
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no milk prodncis at all. Five more consumed less than TO oz. per consumption 
unit daily of milk or cmds. Intake in the remaining families was as follows 


Family. 


Product. 


Quantity per 
consumption 
unit per day 

( 07 ..). 


o 


13 

14 


If) 


18 


19 


21 


Uniter-milk 
^ Whole milk 
\ Curds 
I j Curds 
I Ghee 

^ I 

j * Whole milk 
I Curds 
' Whole milk 
Curds 
Ghee 

j' tthole milk 
1^ Goat’s milk 
I Goat’s milk 
I Curds (from cow’s milk) 


6-0 

12-7 

3- 9 
0-7 

0- 9 

1 - 6 
1-6 
7-8 

4- 0 
0-C 
4-6 
0-G 
2-4 
2' 6 


The families consuming several ounces of milk products daily were in general 
more pro.spcrous than the remainder. Family 18 was that of an agricultural 
instructor attached to the Rural Centre, 13 a Brahmin family in relatively 
comfortable circumstances. 

Animal foods other than milk . — Seven families ate mutton, fish, or chicken in 
very small quantities, the highest intake being I'O oz. per consumption unit daily. 
One family had a few eggs. The remainder did not consume flesh foods or eggs. 

Pulses.— All the families consumed pulses, the lowest and highest intakes 
being 0'3 oz. and 3’0 oz. respectively. Mean intake was about 1'3 oz., corresponding 
to that recorded in the previous inquiry (1'3 oz.). 

Vegetables . — Consumption of green leafy vegetables was even lower than in 
the earlier investigation. They were included in small quantities in the diet of 
only 4 families. This confirms our general experience that green leafy vegetables 
form a very unimportant part of the diet of South Indian neasants throughout the 
year. ' 

Non-leafy vegetables included brinjals, sweet potatoes, gourds, cluster beans, 
drumstick, and a number of other varieties. Intake of such vegetables was 



6 


A Diet Survey Repeated at Another Season. 


definitely higher than in July and August 1936. Average daily intake was about 
3‘0 oz. per consumption unit, as compared with less than 1‘5 oz. in the previous 
investigation. 

Fruits . — Fresh fruit was absent from the diet of 16 families. The remainder 
consumed plantains in small quantities. One family had a few limes, another 
a few tomatoes. Some fresh fruits may be plucked and consumed out of doors 
particularly by children. 

As before, it was observed that even the poorest families consumed a fair 
quantity of dried tamarind daily. Mean intake was 0'63 oz. per consumption unit 
per day, as compared with 0'48 oz. in the previous inquiry. 

Vegetable oils . — All the families except one consumed gingelly oil or ground-nut 
oil, some in very small quantities. Coco-nut was included in the diet of 15 families. 
As in the earlier investigation, average intake of vegetable oil was in the neighbour- 
hood of 0'5 oz. per consumption unit daily. 

Discussion. 

Diets consumed were in general similar during the two periods of inquiry in 
July and August 1936, and February 1937, respectively. The correspondence 
comfirms the substantial accuracy of the basic data. Calorie intake was appre- 
ciably higher in the second investigation and rather more non-leafy vegetables 
were consumed. In general, however, diets at both seasons show the same 
preponderance of rice and millet and relative lack of ‘ protective ’ foods such 
as milk, green leafy vegetables, and fruits. It may probably be concluded that 
the quality of the diet consumed by poor South Indian peasants does not vary 
much with season. 


Summary. 

A diet survey was carried out on a group of South Indian peasant families 
whose food consumption had been investigated 6 months previously. Intake of 
calories and consumption of vegetables were higher in the second investigation, 
but in general a similar picture of dietary habits was obtained at both seasons. 
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RED-PALM OIL IN THE TREATMENT OF HUMAN 
KERATOMALACIA. 

BY 

W. R. AYKROYD, ji.d., 

Director, Nutrition Research Laboratories, I. R. F. A., Coonoor, 


AND 

LiEUT.-CoLONEii R. E. RTIIGHT, c.i.e., i.m.s., 

Professor of Ophthalmology, Government Ophthalmic Hospital, Madras. 


[Received for publication, March 31, 1937.] 

Red-palm oil is derived from the fruit of the "West African palm Elceis guineensis. 
This palm has been imported into Malaya and Burma ; in the former country it 
appears to be extensively grown, but not as yet in the latter. It has not yet been 
cultivated in India. 

Drummond and Coward (1920) were the first to observe that red-palm oil 
possesses vitamin-A activity as shown by biological tests. They observed that 
its pigment is very largely carotene. Further work on the vitamin-A activity 
of red-palm oil was carried out by Drummond, Ahmad and Morton (1930), and 
Ahmad (1931). The former workers reported that samples of red-palm oil had 
an activity equal to that of cod-liver oil of more than average potency ; young 
rats depleted of vitamin A resumed growth when 2 mg. of palm oil were added to 
the diet. Alimad showed that 5 mg. daily are sufficient to cover the vitamin-A 
requirements of the rat. Biological tests of palm oil were also carried out by 
Rosedale and Oliveixo (1934). Rosedale (1935) reported that red-palm oil con- 
tained 1,200 yellow units of carotene per g. ; of a series of Malayan foodstuffs 
tested it was by far the richest in carotene. In the Coonoor Laboratories it 
has recently been foimd that samples of Malayan and Burmese red-palm oil 
contain about 500y of carotene per g., having a carotene content equal to the 
vitamin-A content of a good sample of cod-liver oil. 

There thus appears to be great possibilities in red-palm oil as a cheap source 
of vitamin-A activity in the Tropics and the East, both for use as a food and as a 
niedicine for the treatment of vitamin-A deficiency. It is, however, devoid of 
vitamin A (striclu sensit) and hitherto it has not been conclusively shown that 

( 7 ) 



8 


Red-Palm Oil in the Treatment of Human Keratomalacia. 


carotene can fully replace vitamin A in tlie diet of human beings. Nor has its 
eifect in cases of keratomalacia been observed ; it seemed possible that, in such 
cases, eflScient transformation of carotene into vitamin A might not take place. 
It was therefore felt desirable to carry out clinical tests of red-palm oil before taking 
steps to increase and popularize its production and consumption. 


Laboratoey and clinical observations. 


A large sample of red-palm oil was obtained from Mala3^a. Its carotene 
content was spectrographically assayed by De’s (1937a) method and found to be 
about 500y per gramme. To test the biological activity of the oil. experiments 
were carried out on rabbits. Young rabbits, fed on the following diet, develop in 
three to four months an eye condition closely resembling keratomalacia in human 
beings ; — 


Parts. 

Crushed oats . . . . , . , , . , 68'5 

Rice bran . . . . . . . . . . 20-0 

Calcium carbonate . . . . . . . . 1-5 

White potatoes (to supply vitamirl C) . . . . lO’O 


The characteristic eye lesions were cured in a few days by 0‘5 g. to 2‘0 g. of 
red-palm oil. Four curative tests of this nature were carried out. 


Clinical . — The following report on the clinical experiments (sent to the Nutrition 
Research Laboratories by R. E. W.) provides a sufficient summary of results : — 

“ In the first instance, we sought and obtained the help of Colonel E. S. Goss 
and Mr. McCulloch of the Medical Stores Department with regard to the best 
method of dispensing the oil. After a number of experiments they gave us two 
emulsions A and B to choose from, and we adopted A since B was too thick for 
convenient and economic use when issued to patients, and moreover the oil tended 
to separate out. The emulsion A was as follows : — 


Red-palm oil 
Gum ghatti findicum) 
Gum tragacanth 
Cinnamon oil . . 
Peppermint oil . . 
Chloroform 
Glucose liquid . . 
Water to 


80 minims 
25 grains 
10 „ 

, O’ 12 minim 

0 - 4 

1 - 0 

150 grains 
1 oz. 


(4-7 C.C.). 
(1-69 g.). 
(0-64 g.). 
(0-007 C.C.). 
(0-023 C.C.). 
(0-059 C.C.). 
(9-6 g.). 
(28-35 C.C.). 


“ [Place the palm oil, gum ghatti, and gum tragacanth in a dry mortar. Grind 
to smooth emulsion. Add the glucose and 2 drachms of water and mix to a 
homogeneous emulsion. Take one minim of cinnamon oil and 2 minims of pepper- 
mint oil and make up to 8 minims with rectified spirit. Take one minim of 
chloroform and mix well.] 

“ We adopted the dose previously agreed upon, namely, an amount equal to 10 
minims (0’59 c.c.) of the original oil as an average dose for children between 5 and 10, 
a suitable allowance being made for younger and older individuals. This was 
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given twice daily. Clinical inqtnvies of this nature involve difficulties and 
follacics, one of wliich is the possibility that a beneficial effect on cases of deficiency 
inav result from simply admitting the patients and placing them on hospital diet. 
In three instances, liowever, \vc were enabled to treat and follow up cases suitable for 
observation which remained living under the identical domestic conditions in which 
they developed the syndrome. The only change in their daily routine was the 
addition of red-palm oil emulsion to their diet. In these the improvement was so 
definite that wo concluded that, in so far as the strictly limited observation goes, 
the red-palm oil per sc acted in a curative capacity supplying the necessary factor 
or factors in the same way as W'C had found cod-liver oil act previously. Most of 
the cases of keratomalacia treated in the hospital are infants and young children. 
Cessation of deterioration may be observed within a week and a definite improve- 
ment within a fortnight from the commencement of treatment with the red-palm 
oil. 

“ With regard to the routine treatment of cases admitted to the hospital, we 
tried as far as possible to compare the results of treatment with red-palm oil wuth 
those of cod-liver oil. Dr. Narayanaswami Pilla assisted by Dr. Muhamad Auzum 
Sahib was in immediate charge of tlie cases and Eao Bahadur Dr. K. Koman Nayar 
and I acted as assessors inspecting the cases at intervals. AVe came to the following 
conclusions ; — 

(1) That the red-palm oil in the amounts indicated above gave results com- 
parable to cod-liver oil. 

Note . — ^Tho cod-liver oil emulsion which wo ordinarily iiso contains GO minims (3-65 c.c.) of cod- 
liver oil to the ounce and the average doso for children is 16 minims (O'SS c.c.) of 
the original oil. This is slightly modified for babies and adults. 

(2) That in case of juvenile or infantile diarrhoea, it was better borne than 
cod-liver oil which tended to aggravate such symptoms. 

(3) That whereas in this latter t)rpe of cases, cod-liver oil supplied on a binder 
was an effective method of treatment, we had not sufficient evidence to say the same 
of red-palm oil. (This is mainly because, in babies who were very ill or whose eyes 
were in a very critical condition, we did not feel justified in withholding a known 
remedial agent.) 

(4) That red-palm oil emulsion is more palatable than cod-liver oil emulsion. 

“In so far as clinical investigation of this nature goes, we feel justified in 
making the statement that red-palm oil — as suggested by you — forms an effective 
substitute for cod-liver oil in the routine treatment of the average keratomalacia 
case. 

“ AVe reserve judgment in the case of babies in extremis. AA^e propose to 
continue these clinical investigations during 1937, and, except in the latter type 
of cases, propose tlie substitution of red-palm oil emulsion for cod-liver oil in order 
to get an impression as to the result of, say, a year’s experience by comparison 
with previous years, when only cod-liver oil was used 

The quantities of red-palm oil and cod-liver oil given dailv were approximatelv 
1-1 grammes and I'.fi grammes respectively. This would supply over 500 Inter 
national units per day. 
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The cost of red-palm oil. 

Red-palm oil is obviously a valuable potential source of an essential vitamin. 
It is, however, difficult to make a satisfactory estimate of its probable cost should 
it come to be used on a wider scale as a medicine or a dietary ingredient. Red-palm 
oil, shipped in bulk from Singapore, costs at present 183 Straits dollars per ton. 
This would work out at approximately 2 annas per pound. Cod-liver oil in India 
costs from 10 annas to 1 rupee per pound. The cost, when purchased by the 
public, includes a duty of 20 per cent ad valorem when imported from countries 
within the British Empire and 30 per cent when imported from other countries. 

The average vitamin-A content of seven samples of cod-liver oil tested in the 
Laboratories was about 300y of vitamin A per gramme, while the carotene content 
of 3 samples of red-palm oil averaged about 500y per gramme. Most of the cod-liver 
oil samples were obtained by local purchase. One y of carotene and 1 y of vitamin 
A, as estimated by He’s method, are roughly equivalent to I'O and 2'6 International 
units respectively. On the basis of these figures, 1 lb. of red-palm oil will contain 
roughly 0*6 of the vitamin-A activity of a similar quantity of cod-liver oil. If the 
cost of palm oil and cod-liver oil is taken as about 2'5 annas and 12 annas per lb. 
respectively, the amount of vitamin-A activity purchasable for a given sum in the 
form of red-palm oil is roughly three times greater than that purchasable in tlie 
form of cod-liver oil. 

Clearly, then, red-palm oil merits attention on the part of nutrition workers in 
the Tropics and the East. In Malaya it has been successfully used in clinical work 
(Rosedale, personal communication). The fact that, unlike cod-liver oil, it contains 
very little or no vitamin D (Dann, 1932) is not necessarily a drawback to its use in 
countries where vitamin D is supplied by abundant strong sunlight and rickets is 
rare. In addition to being used in hospitals and dispensaries, it might be consumed 
as an ordinary ingredient in the diet, mixed with other vegetable fats devoid of 
carotene. According to Dann (loc. cit.) ‘ it is used by the natives of West Africa as 
a culinary oil in 'much the same way that butter and olive oil are employed in 
European countries ’. Experiments on the palatability and nutritive value of 
mixtures of red-palm oil and other fats and oils are reported in an accompanying 
paper in this issue (De, 19376). 

The question of introducing the palm Elceis guineensis into South India is 
worth attention on the part of agricultural authorities. The climate of South India 
would probably be suitable for its cultivation. 
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It lias been proved lieyond doubt that red-palm oil is a very potent source 
of vitamin-A activity (Drummond and Coward, 1920 ; Drummond, Ahmad and 
Morton, 1930 ; Ahmad, 1931 ; Rosedale, 1936 ; Dc, 1936, 1937). The piginent 
of the oil is almost entirely carotene which alone is responsible for its vitamin-A 
activity. It possesses an activity of the same order as that of cod-liver oil, or 
some ten times greater than that of butter. Red-palxn oil appears to be the only 
oil of vegetable origin which possesses vitamin-A activity to a notable degree, and 
further, it is so highly potent that the question of its production and use deserves 
special attention. It is of obvious ’"-r'-'' • • • ‘.'-scover whether red-palm oil 

can be used medicinally, in hospitals , as a substitute for the more 

expensive cod-liver oil ; and whether it can suitably be used, in India and 
elsewhere, as an ingredient in diets which are relatively deficient in vitamin A and 
carotene. The first question has been dealt with by Aykroyd and Wright (1937) 
in this issue ; the present investigation deals with the second problem. 

The palm Elceis guineensis, from which red-palm oil is derived, is cultivated 
chiefly in tropical Africa. According to Dann (1932), natives of West Africa are 
accustomed to use red-palm oil in the same way as butter and olive oil are employed 
in European countries. 

A sample of oil obtained from Malaya for experiment possessed a stnell and 
taste which, while not seriously unpleasant, could scarcely be called appetizing. 
The author gave the oil a trial as cooking oil in his own household, and small 
quantities were distributed to numerous friends with a request to do the same. 
The general verdict was unfavourable ; red-palm oil as such cannot be recommended 
as a palatable food. 

Next attempts were made to discover whether red-palm oil could be more 
agreeably consumed when mixed wdth common vegetable oils, such as coeo-nut 
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oil, mustard oil, gingelly oil, olive oil, and Cocogem. When the proportion of red- 
palm oil was small (6 to 12 per cent) these mixtures were found to be perfectly 
palatable; no objectionable taste or smell was imparted to foods cooked in them. 
The ‘ palm oil ’ taste appeared to be masked by the taste of the oil with which it 
was mixed, and the resulting preparation differed from the original oil only in 
haAung a reddish colour. 

Small quantities of red-palm oil were mixed with butter and a hardened fat 
(margarine). These mixtures were palatable when used in cooking but disagree- 
able in the raw state, e.g., when spread on bread. 

Experimental. 

The various mixed oils, including 6 to 12 per cent palm oil, contained about 
SOy to 70y of carotene per gramme, their vitamin-A potenc}’’ being 1 to 3 times 
that of good butter. An investigation was undertaken to discover the effect of 
cooking on the carotene content of such oils. The most drastic heat-treatment 
of cooking oils occurs in frying, so carotene losses during frying were systematically 
studied. 

Potatoes (containing traces of carotene) were cut into thin round chips ; 
these were salted and fried in the various oil mixtures described in the Table. 
The heated oils and the fried chips were assayed for carotene. The data are 
given in the Table : — 

Table. 


Fffecl of heat on the carotene content of various mixtures of palm oil 

and other oils. 
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Table— co«cW. 


Experiment. 




VI. I 

VII. I 



Carotene content 


of the test 

Xnlurc of the lui.xture nud licat treatment. 

material y 


(O'OOI ing.) 


per gramme. 

l?c(l-]).i!ra oil nnd Cocogem (1:8 approx.) .. 

72-0 

„ „ nftcr tlio fiinf frying 

C4-0 

„ „ niter the fifth frying . . 

30-0 

Potato chiiw fried in the second frying . . 

9-0 

Hed-paira oil nnd nuisturd oil (1 ; IG approx.) ., 

30-0 

„ „ nftcr the third frying 

21-0 

Potato chips fried in tlio third frying . . 

0-0 

Ued-pnhn oil and gingclly oil (1 : 10 approx.) 

35-0 

„ „ after the first frying 

28-0 

„ „ after the second frj’ing . . 

25-0 

„ „ after the third frying 

19-0 

„ „ after the fourth frying 

U-4 

Potato chips fried in tiic original mi.xcd oil 

7-0 

Red-palm oil and ground-nut oil (1 : 10 approx.) . . 

r>4-0 

„ „ after the third frying 

27-0 

Potato chips fried in the original mixed oil 

lO'O 

Red-palm oil and olivo oil (1 : 7 approx.) 

74-0 

„ „ after the third frj'ing . , 

30-0 

Potato cliips fried in the third frying . . . . . , 

9-0 


The frying of potato chips was carried out in a wide-njouthed silica basin 
(capacity 1 litre). One hundred to two hundred c.c. of the oil or oil mixture was 
poured into it, and the oil heated, over a small Bunsen flame, to about 130°C. to 
140°C. the fluid being occasionally stirred by a spoon ; when absence of frothing 
indicated that the oil was ready for frying, the chips were placed in the basin. 
On addition of the chips the temperature dropped down to about 300°C. and 
then rose slowly. So long as the chips contained moisture, the temperature did 
not rise much ; afterwards, however, it rose rapidly. The range of temperature 
during the whole operation of frying was between 100°C. and 140°C. The potato 
chips were fried for 15 to 25 minutes until the chips became stiff. In each 
operation the number of chips fried was suitably adjusted, in a culinary sense to 
the size of the basin and the amount of oil used. Specimens of fried chips 
used for analysis were wiped with blotting-paper to free them from the adhering 
fat. The carotene content of_ the various heat treated oils and the fried 
chips was estimated colorimetrically by comparison with a standard solution 
whose carotene content' has been previously determined by a spectrographic 
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It may be added that the chips fried in the various mixtures were found to 
be perfectly palatable by the author and others. The same could not be said of 
the chips fried in pure palm oil. 

The experiments described were devised to investigate a practical point, and 
it was felt that there would be no advantage in carrying this out on a strictly 
quantitative basis, e.g., with weighed quantities of oil and potato, and with the 
frying process exactly standardized as regards time and temperature. 

' Discussion. 

It is apparent from the Table that carotene is liable to destruction by heat. 
The loss depends on the severity of the heat, time of heating, etc. During each 
frying operation, the oils lost some carotene. But even after several fryings, the 
vitamin-A activity of the oil mixtures was not less than half that of wicoolced 
butter or ghee. Butter and ghee used for frying will likewise lose vitamin A, and 
after a number of fryings will be considerably less potent than the oil mixtures 
described. 

If mixtures of red-palm oil and other oils can retain carotene to this extent 
after repeated frying, it may be assumed that the application of less drastic 
cooking measures to such mixtures will not involve serious impairment of their 
vitarain-A activity. 

The fried chips contained 6y to lOy of carotene per gramme. Suppose 15 to 
20 grammes of free fat in the form of mixtures of red-palm oil and other oils in the 
proportion of 1 to 10 are included in the daily diet. Actual diet surveys have 
shown that Indian diets may contain about this quantity of free fat (Aykxoyd 
and Krishnan, 1937), Even w'hen losses due to cooking are allowed for to 
the fullest extent, 15 grammes of such mixtures might supply about 500y of 
carotene. It has been observed (Aykroyd and Krishnan, loc. cit.) that the average 
carotene content of the diet of groups of Indian peasant families is in the neighbour- 
hood of 700y per consumption unit daily. An addition of about 500y would be 
of the utmost value. 

One hundred grammes of food which has been fried in the mixtures would 
yield about 500y to l,000y of carotene. 

There seems no reason why the common vegetable oils or fats in tlie market 
should not be enriched with palm oil in the manner described. The price of red- 
palm oil in bulk appears to be of the same order as that of vegetable fats in common 
use in India. Vitamin-A deficiency is so common in India, and rich sources of 
vitamin A and carotene so rare and expensive, that no feasible method of making 
good the deficiency should be neglected.^ The production of such mixtures in bulk 
mav be suggested to commercial organizations. 

Summary. 

Mixtures of common vegetable oils and red-palm oil were prepared. These 
mixtures possess high vitamin-A activity and are sufficiently palatable for use m 
cooking. Vffiile loss of carotene occurs in cooking, enough will remain in the oil 
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and the materials cooked in it to be of value in making good one of the most 
serious deficiencies in typical Indian diets. 
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It lias long been known tliat charcoal is a ver}’- powerful adsorbent for various 
pigments. This property has been applied for removing carotene from crude 
vitamin-A solutions by several workers (Gillam et al., 1933, etc.), though not 
. with strictly quantitative purposes. Stephenson, as early as 1920, noted that 
charcoal could remove carotene from butter without affecting its vitamin-A 
activity as judged by animal experiments. Karrer, "Walker, Schopf and Morf 
(1933) have separated a vitamin-A concentrate into tw’o fractions by fractional 
adsorption on lime ; the existence of various kinds of lipochrome pigments, in- 
cluding different forms of carotene and xanthophylls, etc., was clearly revealed 
by means of chromatography on lime, aluminium oxide, calcium carbonate, and 
other adsorbents. Bow^den and Bastow (1934) and Homes et al. (1933) 
have done a considerable amount of work on the adsorption of vitamin A and 
carotene. Their work was undertaken mainly to discover a means of preparing 
vitamin-A concentrates. They reported that carotene is much more easily 
adsorbed than vitamin A and that the degree of adsorption depends on the 
nature of the solvent, adsorption being more rapid from a non-polar solvent 
such as cyclohexane than from a polar solvent, e.g., chloroform. The adsorbed 
factor could be recovered from the adsorbents by a suitable solvent apparently 
unchanged. 

Apart from the experimental work mentioned above, no thorough examination 
has yet been carried out to see if charcoal adsorption can be used for a quantitative 
separation of vitamin A and carotene, a problem of great technical importance 
in vitamin-A assay work. The present paper records an investigation of this 
problem. 

3, MR ( 17 ) ~ ’2 
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The Adsorption of Vitamin A and, Carotene. 


Experimental. 

Experiments were conducted (1) to study tlie relative adsorbability of vitamin 
A and carotene from different solvents and by different adsorbents ; (2) to discover 
whether vitamin A can be freed from carotene (and other similar associated 
pigments) by use of adsorption methods. 

Different stock solutions of vitamin A and carotene (50y/c.c.) were first 
prepared by dissolving samples of cod-liver oil and red-palm oil of known potency 
in the various solvents. Several 10-c.c. samples of a given solution were trans- 
ferred to conical flasks of 50-c.c. capacity and each treated with one gramme 
of charcoal (Norit, Super, Baird and Tatlock, London). These were 
immediately shaken under identical conditions (in an electrically-driven shaking 
machine, 100 shakings per minute) for different periods of time and filtered 
immediately. The various filtrates were tested for vitamin A or carotene. 
From these observations, the time required for complete removal of the factor 
concerned was easily determined. Similar experiments were conducted with 
each of the stock solutions in the various solvents. The absence of vitamin A 
and carotene was determined by a negative antimony trichloride test and by the 
disappearance of all yellow colour respectively. The results are set out in 
Table I:— 


Table I. 

Relative adsorbability of vitamin A and carotene fro7n various 

solvents. 


Solvent. 


Approximate minimum time 
required for complete 
removal of carotene 
(contained in red-palm oil). 
Original strength : 50y of 
carotene per c.c. 
(Average of 3 observations). 


Time required for complete- 
removal of vitamin A 
(contained in cod-liver oil). 
Original strength : 60y 
of vitamin A per c.c. 


Ether 

2| minutes 

Petrol-ether (boiling 

point 60°C. to SO^C.). 


Hexane 

21 - 

Carbondisulphide 

4 

Benzene . . 

6 

Chloroform 

1 hour not enough. 

Alcohol and acetone . . 

The required amounts _ of 
red-palm oil and cod-liver 
oil did not go into solution. 


Adsorption of vitamin A' 
on all the agents -was 
nil or negligible. Even 
8 hours’ shaking, and 
subsequent keeping for 
24 hours, removed onlj' 
a little vitamin A from 
an ether solution. 
When the vitamin-A 
solution (in petrol-ether) 
Tvas prepared from 
halibut-liver oil the 
adsorption -was, however, 
much quicker. 
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Tlie original samples of rccl-palm oil and cod-liver oil contained, roughly, 
500v of carotene and vitamin A per gramme respectively. Tlie various 
solutions contained 100 mg. of free fat per c.c. The solutions of vitamin 
A prepared from halibnt-liver oil contained only about 4 mg. of free fat 
per c.c. 

From Table I it appears that in the presence of free fat (to the same extent 
in ail cases) adsorption of vitamin A by cliarcoal was nil or negligible, while 
carotene was very strongly adsorbed under the same conditions. The degree of 
adsorption variedVitli the nature of the solvent, carotene being most easily removed 
from etber, petrol-ether, hexane, etc., while from chloroform adsorption was very 
slow. Most of the carotene or vitamin A adsorbed from ether, petrol-ether, 
hexane, benzene, or carbondisulphidc solutions could be recovered by washing 
the adsorbate with chloroform. Througliout the rest of the investigation 
petrol-ether with a high boiling point {60°C. to 80°C.) was used as solvent, so 
tliat the concentration of tlie solutions would be least affected by spontaneous 
evaporation. 

Solutions of vitamin A (50y per c.c.) were then prepared by dissolving 
halibut-liver oil (containing about 12,000y of vitamin A per gramme) in 

petrol-ether. In this case the amouirt of free fat in solution was very little 
(about 4'0 mg. per c.c.). Ten-c.c. samples of this solution were shaken under 
similar conditions, each with one gramme Noiit charcoal. It was observed 
that about 30 minutes of shaking was necessary for complete removal of 

vitamin A. It follows from these observations that the rate of adsorption, of 

vitamin A or carotene will depend on the amount of free fat present in 

solution. 

Preliminary observations were then made with solutions of unsaponifiable 
fractions of halibut-liver oil and red-palm oil. It was noted that adsorption 
of either vitamin A or carotene in these cases was verj' much greater than 
that occurring in the presence of free fat although adsorption of vitamin 
A was comparatively slow. The increased adsorbability in the absence of 
free fat may be due to the less viscous nature of the fluid. Next an ex- 
periment was conducted to study how adsorption of carotene on different 
solid materials varies. Solutions of carotene (5'4y per c.c.) were made in 
petrol-ether from the unsaponifiable fractions of red-palm oil. Ten-c.c. 
samples were treated with one gramme of each of the various agents 
described in. Table II, and shaken for 3 minutes in each case, under 
the same conditions as before. They were immediately filtered and the 
carotene content of the filtrate was determined colorimetrieally by compari- 
son with a pure carotene solution whose carotene content was prevdousty 
determined by a spectrographic method (De, 1935, 1937). The results are set 
out in Table II. 

From Table II it is seen that of all the agents used only charcoal 
adsorbed _ carotene rapidly, while the adsorbing effect of other agents was 
comparatively little. Adsorption of vitamin A by the various agents other 
than_ charcoal was also studied and found to be nil or negligible m the same 
conditions. 
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The Adsorption of Vitamin A and Carotene. 

Table II, 


Relative adsorbabiliiy of carotene by the variotis solid materials 
{petrol-ether solution of the saponifiable fraction 
of red-palm oil). 


Adsorbing materials and 
quantities added to 10 c.c. 
of the solution. 

Strength of the 
filtrate after .S 
minutes’ shaking. 
Original strength : 
.')‘4y of carotene 
per c.c. 
(Average of 

2 observation.s). 

Adsorption power 

1 roughly In 
arbitrary figures). 

Charcoal (Norit) (100 mg. 

only) 

(in y per c.c.). 

0-0 

10,000 

Charcoal (ordinary ) (100 

mg. 

0-5 

9,000 

only). 

MgO (1 gramme) . . 
Fullers’ earth (1 gramme) 


3-0 

28 


4-2 

22 

Pa(OH)„ 


4-7 

13 

Ca(OH), 


4*7 

13 

ALOa iy 


5-0 

7 

Silica 1 , 


5'1 

6 

CaCOa 


5-4 

0 

CaSO, 


5-4 

0 

OaClo 


5-4 

0 


The study of how the adsorption of vitaniin A and carotene varied with the 
quantity of charcoal used, time and rate of shaking, etc., was next undertaken. 
The data are set out in Tables III to VIII and expressed graphically in 
Figs. 1 to 5 : — 

Table III. 

Adsorption of carotene by various amounts of charcoal 
{un saponifiable matter in petrol-ether). 


Amount of 
charcoal 
(Norit) 

(mg.). 

Time required for complete 
removal of carotene. 
Original strength : tiOy 
of carotene per c.c. 
(Average of 3 observa- 
tions). 

1 

200 

30 seconds. 

100 

3 minutes. 

70 

7 

.50 

40 

10 

1^ hours of shaking not 
enough for complete 
removal of carotene. 
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To 10-c.c. solutions (oOy of carotene per c.c.) the stated amounts of charcoal 
were added and the solutions shaken under similar conditions until carotene was 
totally removed. 

Table IV. 

Adsorplion of carotene in a given time by varying amounts 
of charcoal (unsaponifiahle matter in petrol-ether). 


Amount of ' Cnrotcnc content of tlip 


charcoal 

^ filtrate. Original strength 

(Xorit) 

, .SOy of carotene per c.c. 

(mg-)- 

(in y per c.c.). 

0 

.SOO 

10 

21G 

20 

7-8 

40 

ac 

GO 

21 

SO 

0-9 

100 

0-0 


To 10-c.c. sample.s of the solution (50y of carotene per c.c.) the stated amounts 
of charcoal were added ; each solution was .sh.akcn for 3 minutes under similar 
conditions and immediately filtered. 


Table V. 

Adsorplion of carotene by a fixed amount of charcoal 
when shahen for a fixed time at various 
rates of shaking. 


Xuraber of 
sliakings 
per minute. 


Carotene content of tlie 
filtrate (unsaponifiable 
matter in petrol-ether). 
Original strength : oOy 
of carotene per c.c. 
(in y per e.c.). 


0 

34-2 

50 ■ 

7-6 

100 : 

1-S 

200 

0-0 


Original .strength in each case was SOy of carotene per c.c. Ten-c.c. samples 
were treated each with 50 mg. of charcoal, .shaken (with an electrically -driven 
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machine) for 3 minutes and immediately filtered. Mere keeping for 3 
minutes without shaking caused the carotene value to fall from 50'Oy to 
31 'Oy per c.c. 

Table VI. 

Adsorption of vitamin A by varying amounts of charcoal 
[unsaponifiahlc matter in 2}ctrol-ether) . 


Amount of 
charcoa,! 
(Norit) 
(mg.). 

Time for complete removal 
of vitamin A. Original 
strength : 5‘0 y of 
vitamin A per e.e. 
(Average of 2 
observations). 

500 

1 minute. 

400 

7 

300 

25 

200 

45 

100 

11 liours were not enough 


From preliminary experiments it was noted that adsorption of \itamin A 
by charcoal was very much less than that of carotene. In this experiment 10-c.c. 
samples (extract of unsaponifiable fraction of halibut-liver oil, 5’Oy of vitamin A 
per c.c. of the solution) were shaken under similar conditions at 100 shakings 
per minute with the stated amounts of charcoal until the filtrate was devoid of 
vitamin A as evidenced by a negative antimony trichloride reaction. 


Table VII. 

Adsorption of vitamin A in a given time from a 
(jiven solution by varying amounts 
of charcoal. 


Amount of 
eharcoal 
(Norit) 
(mg.). 

Vitamin-A content of the 
filtrate. Original strength : 
50y of vitamin A per c.c. 

(in y per c.c.). 

0 

6-00 

10 

3-20 

50 

2-50 

100 

1-CO 

200 

0-62 

300 

0-31 

400 

0-12 ! 

500 

0-00 

1 
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Ten-c.c. fractions of tlio vitainiu-A solution (petrol-etlier extract of the 
unsaponifinblc fraction of lialibut-liver oil) were treated with the stated amounts 
of charcoal, shaken at 100 shakings per minute, for 3 minutes, and filtered 
immediately. 

Table VIII. 


Ttemoval of carotene from a mixture of eitamin A {Qy per c.c.) and carotene 
(SOy per c.c.) in petrol-ether solution, in the presence and 
absence o f free fat. 


i 

Nature of medium. 

Amount of 
charcoal 
(Norit) 
(mg.). 

Time of 
shaking 
(minutes). 

Vitamin-A content 
of the filtrate. 
Original strength : | 
5‘0>> of vitamin i 
A per c.c. (in y 1 
per C.C.). j 

1 

. 1 

Carotene content 
of the filtrate. 
Original strength : 
50'0y of carotene 
per c.c. (in y per 

C.C.). 

Free fat absent 0>elibiit-livor oil 
and rcd-palm oil both sapoiii- 
fied). 

100 

1 

j 

1-6 

0-0 

Free fat absent (halibut-liver oil 
and red-palm oil both saponi- 
fied). 

100 ^ 

i 

' 3 

1 

1 

1*4 

i 

1 

. O'O 

i 

Very little fat present (halibut- 
liver oil and red-palm oil, 
latter saponified). 

100 

1 

2 * 

1 

3-5 

1 

1 ■ 

i ' 

0-0 

Very little fat present (halibut- 
liver oil and red-palm oil, 
latter saponified). 

100 

1 3 

3-9 

Trace. 

Large quantities of fat present 
(cod-liver oil and red-palm oil). 

500 

3 

6’0 

Trace. 

Large quantities of fat present 
(cod-hver oil and red-palm oil). 

600 

i ^ 

4-8 

0-0 

Large quantities of fat present 
(cod-liver oil and red-palm oil). 

1,000 

2 

4-9 

00 

Large quantities of fat present 
(cod-liver oil and red-palm oil). 

1,000 

1 2 

5-0 ) 

0-0 

Large quantities of fat present 
(cod-liver oil and red-palm oil). 

1,000 

3 

1 

4-7 

0-0 



Time required for complete remove 'otene from the solution 

in minutes 
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Ten-c.c. samples of the respective solutions in identical conical flasks were 
treated uith the stated amounts of charcoal sliaken by hand, till tl;e solution was 
just decolorized, and then immediatelv filtered. 



Amount of charcoal added in mg. 

Fig. 1. — Showing h'ov.' tlic fimo rcqiiircrl for complete removal of carotene from solution caried aecorcling to the 
quantities of ehnrroal nscri. Ten-e c. samples of the solution were treated with varying amounts of charcoal 
and shahen for different periods to dcteimine the minimum time jequired for conqjlete dccolorization 
(c/. Table III). 



Carotene content per c.c. of the filtrate in y 
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Amount of charcoal added in mg. 

Fig. 2. — Showing how the adsorption of carotene varied according to tlic quantities of charcoal used. 

Ten-c.c. samples of the solution were treated with varying amounts of charcoal and each 
shaken for 3 minutes and filtered immediately (cf. Table IV). 



Fig. 3. — Show'ing bow the adsorption of carotene varied according to the rate of shaking. Ten-c.o. samples of the 
Eohition were treated each with 31) mg. of charcoal, shaken at various rates for 3 minutes, and filtered 
immediately (c/. Table V). 


Time required for complete removal of vitamin A from the 

solution in minutes 



Amount of charcoal added in mg. 

rig. 4. — Showing how the time required for complete removal of vitamin A from solution varied according to the 
quantities of charcoal used. Ten-c.c. samples of the solution were treated with var 3 'ing amounts of 
charcoal and shaken for different periods to determine the minimum time required for complete removal of 
idtamin A from solution (rf. Table Vl). 



Amount of charcoal added in mg. 

Pit>. 5. — Showing how the adsorption of vitamin A varied according to the quantities of charcoal used. 
° Ten-e.c. samples of the solution vere treated with varj'ing amounts of charcoal, each shaken 

for 3 minutes and filtered immediately (c/. Table VII). 
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The main problem was to find a means of removing carotene (or other 
piomeuts which arc usually associated with vitamin A in natural foods) without 
mfy destruction of vitamin A. From Table VIII it will be seen that the charcoal- 
adsorption method was not satisfactory when applied to the unsaponijfiable 
fractions or even fat-poor solutions, since there oceurred considerable loss of 
vitamin A (20 to 70 per cent). The loss must of course depend on the quantity 
of charcoal added and the time of shaking, etc. ; but when the method was 
applied on crude solutions (containing large quantities of free fat) the loss of 
vitamin A was nil or very little, 0 to C per cent, even when the proportion of 
carotene was as much as 10 times that of vitamin A. It can be noted here that 
the amounts of vitamin A and carotenoid pigments likely to occur in most of the 
common animal products will rarely exceed this proportion. With smaller 
quantities of charcoal much longer periods of shaking were required for decol- 
orization and as a result of such prolonged treatments part of the vitamin A was 
lost from the solution as evidenced l)y the SbCls test. 

Discussion. 

Vitamin A as such does not occm' in vegetable products which contain only 
carotene. The two potent factors, vitamin A and carotene, occur simultaneously 
only in animal material (Wolff ct ah, 1930 ; Moore, 1931 ; De, 1935). Hence in 
assaying the vitamin-A activity of such materials, particularly the rich sources, 
e.g., egg-yolk, butter, etc., it is desirable to estimate vitamin A and its precursor 
carotene separately. Chemical reactions given by vitamin A and carotene are 
more or less alike ; vitamin A does not affect the specific absorption band of 
carotene in the visible region ; while, on the other hand, carotene (lilce xanthophylls 
and many other similar pigments) may markedly influence the gross absorption 
at 3,280 A. U., which is taken as a physical criterion of vitamin A. Assay of 
carotene in general is simple or le.ss complicated, while difficulties arise with 
vitamin A. To solve this difficidty tuo courses could be followed: (1) to deduct 
from the gross absorption at 3,280 A. U.* that contributed by the carotenoid 
pigments ; or (2) to devise a simple chemical process that will isolate vitamin A 
from the interfering pigments. Eesults of some attempts to solve this problem 
have been reported in a previous communication (De, 1937). It was observed 
that the first procedure and the process of phase separation (between alcohol 
and petrol) proved unsatisfactory ; while preliminary observations on charcoal- 
adsorption methods gave encouraging results. A thorough examination of the 
last-named method has proved it to be efficient and satisfactory. 

Eesults of the present investigation have shown that when the charcoal 
adsorption of carotene is carried out on crude solutions containing large quantities' 
of free fat (with a minimum amount of charcoal and as quickly as possible), the loss 
of vitamin A from the solution will be nil or negligible. In assaying the vitamin-A 
content of an animal product, decolorization of the pigments should therefore be 
first carried out, under precautions as .stated above, before saponification is resorted 
to. With test materials (lilce butter and egg-yolk), which can be obtained in the 
form of fluids or which go easily into solution in alcohol-ether or petrol, charcoal 
adsorption can be applied directly. In other cases (e.g., flesh foods), the’ materials 
should be finely ground and extracted wdth suitable solvents. The total extract 
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can tlien be decolorized by the charcoal and used for vitamin-A assay. It is 
important to note that if the test solutions are very poor in free fat, some 
vitamin-A-free oil should be added before charcoal adsorption is carried out, 

To check the validity of the above suggestion, 60y to ]C0y of vitamin A and 
l,000y of carotene were added to 3 c.c. to 10 c.c. of a vitamin-A-free coco-nut oil 
and the whole dissolved in 25 c.c. of ether (for easy filtration). The solution was 
decolorized by shaking for about 2 minutes with 1 g. to 2 g. of charcoal filtered 
immediately, and the precipitate washed 4 to 5 times with 5-c.c. fractions of fresh 
ether. The total filtrate was then dried up by low heat in absence of air, 
saponified, and its vitamin-A content determined spectrographically. The amount 
of vitamin A recovered in 5 experiments lay between 95 and 100 per cent. 
The maximum discrepancy of 5 per cent lies within the experimental error and 
could therefore be overlooked. 

Summary. 

1. The relative adsorbabilit}^ of vitamin A and carotene from different 
solvents and by different solid materials has been studied. Of all the agents used, 
only charcoal was a powerful adsorbent. It uas noted that carotene is much 
more easily adsorbed than vitamin A, and that the degree of adsorption depends 
on the nature of the solvent, adsorption being more rapid from solvents like ether, 
petrol-ether, and hexane, etc., than from chloroform. It was also observed that 
the presence of free fat retards the adsorption considerably. The variation of 
the adsorption of vitamin A and carotene according to the quantities of free fat 
in solution, amounts of charcoal used, time and rate of shaking, etc., is described. 

2. The investigation has revealed that carotenoid pigments can be completely 
removed from crude vitamin-A solutions by adsorption on charcoal without 
destroying vitamin A. This procedure, with due precautions, was found to be 
satisfactory for use in routine work. 
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THE EXCRETION OF VITAMIN C BY HUMAN BEINGS 
• IN SOUTH INDIA. 


BY 
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{Nztlriiion Research Laboratories, I. R. F. A., Coonoor, S. India.) 


[Roceived for publication, March 31, 1937.1 

Harris and Ray (1935) have suggested that a considerable degree of ' vitamin- 
C sub-nutrition ’ may exi.st without any obvious clinical s)Tnptoins. These workers 
devised a chemical method of asse.ssing such .sub-nutrition, tvhich consists of the 
determination ot the daily urinary excretion of vitamin C, and tlie response to a 
large test dose of the pure vitamin, now easih'" availal)le on the market. The 
rationale of the method is that if the body tissues are getting vitamin C in adequate 
amounts, or are, in other words, ‘ saturated ’ witli the vitamin, large test doses 
administered orally are largely excreted in the urine within 21 hours of ingestion ; 
if, however, the body tissue.? are not so ‘ saturated the extra vitamin supplied 
is utilized quickly by the tissues, and its excretion does not rise. Abbasy, Harris, 
Ray and Marrack (19.35), Archer and Gnaliam (]93()a and b), Hawley ei nl, (1936), 
and Harris et aJ. (1936) have employed this method to assess the extent of 
vitamin-C sub-nutrition in apparejitly ‘ normal ’ subjects. In South India intake 
of vitamin C in the form of fresh fruit and vegeta))les is in general low, and it was 
felt that an investigation of vitamin-C excretion under experimental conditions 
would throw light on the problem of vitamin-0 sub-nutrition. 

Experiment.al. 

Harris and Ray’s technique for the determination of the urinary excretion of 
ascorbic acid during the 24 hours before and after administration of a test dose 
of the vitamin was employed with slight modifications. Abundant evidence exists 
to show that this vitamin is not excreted to any great extent in the faece.s, even 
when large test doses ate administered ; also in a ‘ saturated ’ individual there 
is no appreciable storage of the vitamin in the system. The level of excretion in 

( 29 ) 
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the urine is, therefore, a good index of the individual’s response to test doses of 
the vitamin. 

Estimations of ascorbic acid in the urine were carried out by the standard 
chemical method, employing Tillman’s indicator, 2, 6-dichlorophenol indophenol. 
They were mostly done on freshly voided specimens of urine, but where this was 
impossible, as in the case of specimens voided during the night, the urine was passed 
into bottles containing enough glacial acetic acid to make a final concentration 
of about 10 per cent acid, and titrated early in the morning. The glacial acetic 
acid, which proved to be a better preservative of aseorbic acid than other sub- 
stances suggested for tliis purpose, minimized the destruction of the vitamin in the 
voided urine. Further, the experiments were carried out in Coonoor during the 
coldest season of the year, when little deterioration of urin» in a few hours would 
normally take place. 

The present investigation covered 34 subjects, the majority of whom were 
Indians living in Coonoor. Boj’-s and girls between 5 and 13 years of age, adult 
males between 16 and 36, a few elderly men and women over 60, pregnant women 
and lactating mothers were included. In addition a number of British and Sikh 
soldiers were studied. The latter were healthy subjects housed in hospitals having 
an adequate nursing staff and were kept resting during the investigation. The 
hospitals were visited at four-hourly intervals during the day and ascorbic acid 
titrations carried out on freshly voided urine in a medium of strong acetic acid. 
The volume of urine passed was recorded. 

Not more than four or five subjects were investigated at the same time. When 
the initial level of urinary excretion of ascorbic acid during 24 hours had been 
determined, a large test dose of ascorbic acid, usually in the form of the pure sub- 
stance but sometimes as both ascorbic acid and fresh orange juice, was administered 
orally. The weighed amount of the vitamin-C powder was swallowed with a little 
drinking water ; though it is sour, the subjects were not averse to taking it. A¥hen 
orange juice was given its ascorbic-acid content was determined immediately. 
During the experiments the subjects consumed their normal diet ; any unusually 
large addition of fruits or green vegetables, lilcely to increase the intake of the 
antiscorbutic vitamin, was guarded against. In the majority of cases strict super- 
vision of the food intake was possible. After the administration of the test dose, 
determinations of ascorbic acid in urine were done as before during the following 
24 hours. The results showing the initial level of urinary excretion during 24 
hours, the response to test doses, volume of urine voided, etc., are set out in 
Table I. 

It is seen from Table I that only two (cases 7 and 32) out of the 34 subjects 
in the different af^e groups and communities examined responded to the first 
test dose by immediate excretion. Case 32, a nursing orderly in a neighbouring 
Military Hospital, showed an initial urinary excretion of 20'36 mg. of ascorbic acid 
per diem, a figure exceeded by two other members of his group ; yet, on ad- 
ministration of a 300 mg. test dose, only this case showed a response and excreted 
133-09 mg. or 44-36 per cent of the amount ingested during 24 hours._ Case 7 
showed ^ response with a test dose of 150 mg. of ascorbic^ acid, excreting 18-94 
per cent of the intake in the 24 hours following the administration of the test 

dose. 
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Tlie average daily excretion in the 34 cases examined was 8‘C5 mg.; tlic 8ikh 
and the British troops, cxlubiting a liiglier level of nrinary excretion, had an 
average of IS'Ol mg., while the remainder of the population .showed an average 
of 01 % 4‘75 mg. of ascorbic acid. 

Harris et al. (he. cii.) have reported that 84 per cent of hospital patients in 
Cambridge excreted less than 13 mg. of ascorbic acid, which they regarded as the 
minimum excretion indicating a satisfactory intake of the vitamin. It thus appears 
that ‘ hj-povitaminosis C in so far as it is demonstrated by uninfluenced levels 
of excretion, is almost as common in English people of the poorer classes as in the 
groups studied in our investigation. 

Table I. 


Eoxretion of miainin C before and after administration of test doses. 




o 

•S 1 

0 

Respossk to test 




.S 

'2 ' 

0 

DOBFS. 1 




e 

.le o 
> c 


0 

1 

1 ^ 

0 s 
.S§ 

'S E 

S 0 



Name. 

Ui 

o 

; o 1 

j 

1 

1 to 

I ll 

.pci 

> 

i 

1 Remarks. 

aso number 


nitinl level 
excretion 
houra in tnr 

i ® ^ 

1 

o ^ 

9 .S 

I "SO 

§ 6 
ss 

•s-s 

ICO ! 

0 c , i 

’>*3 1 

1 £ => S i 

1 S .s .s i 

£: .2 

*0 

© t£ . 

S.5 ^ 
s E 

[p ^ .2 


^ 1 





1 w 

' > 

1 




1 

160-0 

8-76 

2,500 

\ 


1 

K. R. .. 

9-38 

2,9451 








1: 

327-0 

j 6-77 

1,890 



2 

M. S. .. 

7-73 

2 , 975 ! 

150-0 

1 

j 6-82 

j 

2,500 


‘Normal’ adults betv-ecn 


1 

327-0 

j 4-62 

1,180 


25 and 35 years ; the 
test dose vas partly 






f 

160-0 

11-72 

2,605 


pure ascorbic acid and 

3 

S. R. .. 

1 7-75 

2,2001 



partly fresh orange 




1 

327-0 

5-63 

1,390 


juice. 




1 

160-0 

7-45 

1,750 



4 

G. S. .. 

7-59 

l,!580l 








t 

327-0 

8-67 

1,470 

1 


5 

S. 

1-97 

1,105 

150-0 

1-29 

1,090 

1, 

1 

t 

6 

V. 

1-20 

GIO 

150-0 

1-47 

410 


‘ Normal ’ boys and 

7 

Mi. . , 

7-92 

1,205 

150-0 

28-41 

090 

1 

girls between 5 and 1.3 
- years ; the test dose 

8 

B. 

2-53 

1,020 

150-0 

1-79 

876 i 

j 

! 

was pure ascorbic acid 
only. 

9 

P. 

2-31 

i 

1,560 

150-0 

3-15 

810 

1 
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Table l—contd. 


Case number. 

Name. 

O 

1 C<J 

c 

*5 c 

Volume of urine voided in 
this 24 hours in c.c. 

Amount of the teat dose of 
vitamin C in mg. 

llESrONSE TO TEST 
DOSES. 


Initial level of vitar 
excretion in urine i 
hours in msr. 

Excretion of vitamin C 
in urine in 24 hours 
in mg. 

Volume of urine voided 
during this 24 hours 
in c.c. 

/ 




1 

101-6* 

2-29 

7o5 


10 

B. 

7-72 

2,190 J 




i 




1 

1.50-0 

2-58 

1,835 





1 

101-6* 

0-88 

30.5 

11 

Me. . . 

4-7S 

1,.695 i 







1 

150-0 

1-79 

1,115 1 ' 




( 

1.50-0 

1-82 

1..340 

I 

I 

12 

S. 

1-68 

1,475 




>. 




1 

300-0 

1-17 

685 





f 

150-0 

2-85 

1,820 


13 

K. 

1-3.5 

515-^ 








1 

300-0 

0-48 

270 





1 

150-0 

3-05 

2,060 


14 

R. 

2-88 

1,245 




I 




1 

300-0 

.3-47 

845 

1 

16 

Lak. 

4-47 

1,450 

300-0 

7-23 

1,420 

\ 

10 

Mary . . 

6-.35 

1,060 

300-0 . 

6-07 

1,6.50 


17 

Marim. 

5-72 

545 

.300-0 

5-84 

840 


IS 

Cl. 

G-G3 

1,370 

.300-0 

6-42 

1,.5.55 


19 

Kull. .. 

4-60 

895 

300-0 

4-52 

1,220 


20 

Kan. .. 

6-36 

955 

300-0 

8-15 

1,630 


21 

Sham. .. 

3-89 

1,460 

300-0 

4-49 

1,385 


22 

Ran 

5-31 

1,390 

300-0 

6-74 

1,485 


23 

Mich. . . 

1-68 

190 

3000 

0-83 

415 


24 

>> 

o 

CD 

2-29 

820 

300-0 

1-73 

995 



Remarks. 


‘ Normal ’ pregnant 
women ; the test dose 
was pure ascorbic 
acid, except in the 
two cases marked *. 
In these, the dose was 
partly pure a.seorbie 
acid and partlj' fresh 
orange juice. 


‘Normal’ 1 act a ting 
mothers ; the test dose 
was pure ascorbic 
acid only. 


Elderly men and 
women of over 60 
years ; the test dose 
was pure ascorbic acid 
only. 
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1 

. ct 

c 

C \ 

Z i 

i 

; o 1 

1 ^ ! 

cn 1 

llESrONSE TO TEST 
BOSES. 


Cfjsc number. 

Name. ' 

Initial level of vitar 
c.vcrction in urine i 
hours in mg. 

Volume of urine void 
this 24 hours in c.c. 

Amount of the test do 
vitamin C in mg. 

E.verction of vitamin C 
in urine in 24 hours 
in mg. 

Volume of urine voided 
during this 2-1 hours 
in c.c. 

REMAr.KS. 

2.) 

H. S. . . 

t 

i 

15-SG 

1 

j 1,525 

300-0 ! 

i 

15-85 

850 


26 

B.S. 

16 87 

1 

1 1,040 

1 

300-0 

18-05 

1 

1,270 

iSikh soldiers attached to 
the Wellington Mill- 

27 

IS. s. , 

1 

13-41 

1 1,695 

300-0 

1 18-72 

1 1,060 

> tary Station ; the 

test dose was pure 

28 

J. s. .. 

21-88 

1,35(5 

300-0 

14-86 

1,040 

aBCorbic acid only. 

29 

S. .. 1 

20-36 

1,150 

! 300'0 

( 

18-06 

1,345 


30 

Wi. 

11-22 

1,425 

1 

1 300-0 

11-15 

1,375 


31 

a 

1 

10-81 

1,205 

1 

1 300-0 

13-66 

1,025 

British soldiers in the 
Military Hospital, 

32 

Mac. 

20-36 

950 

1 300-0 

133-09 

1,405 

. Wellington ; the test 
dose was pure ascorbic 

33 

W. 

22-63 

1,785 

' 300*0 

1 

21-68 

1,705 

acid only. 

34 

M. 

27-00 

1,570 

j 300-0 

1 

17-16 

965 



It may be seen from the above table that the initial level of vitamin-C 
excretion in the urine does not necessarily provide an index of the degree of 
‘ hypovitaminosis C ’ ; to assess the latter by this method, it is necessary that the 
response to test doses should be determined. Thus, while case 7 showed 
‘ saturation ’ with vitamin C even on an initial urinary excretion of 7 ‘92 mg., cases 
1, 25 to 31, 33, and 34, with much higher initial levels of excretion, showed 
no response to the test dose. 

VlTAMIN-C ‘ SATURATION ’ EXPERIMENTS. 

These investigations suggested that vitamin-0 sub-nutrition is common in 
South India. A further series of experiments was undertaken to study the 
‘ saturation ’ point in two subjects. To these, progressively increasing doses of 
ascorbic acid were administered. The excretion of ascorbic acid in the urine, 
before and after the ingestion of test doses, was determined on fresh specimens 
by the method previously described. During the course of these ‘ saturation ’ 
experiments, the subjects consumed their usual diet. 
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Table II. 


Vitamin-C ‘ saturation ’ experiments. 



j Excretion of 
vitamin C in 
24 hours 
in mg. 

Volume of 
urine voided 
in 24 hours 
in c.c. 

Percentage of 
test dose ex- 
creted in urine 
in 24 hours. 

Case 3, S, B, 

Initial level 

1 

7'75 

2,260 


After 160 mg. of vitamin C, (Pure ascorbic acid 
and orange juice.) 

11-72 

2,605 

7-80 

After 327 mg. of vitamin C. (Pure ascorbic acid 
and orange juice.) 

5-63 

1,390 

1-70 

After 1,136 mg. of vitamin C. (Pure ascorbic 
acid and orange juice.) 

170-42 

2,785 

14-70 

After 335 mg. of vitamin C. (Pure ascorbic acid 
and orange juice.) 

17S-01 

1 

2,850 

1 1 

53-10 

After 130 mg. of vitamin C. (Pure ascorbic acid 
and orange juice.) 

118-29 

2,125 

91-00 

1 

After 50 mg. of vitamin C. (Pure a.scorbic acid 
only.) 

44-70 

2,1S5 

SS-90 

After 25 mg. of vitamin C. (Pure ascorbic acid 
only.) 

Case 25, H. <S. 

30-44 

1,900 

> 100-00 

Initial level 

15-86 

1,525 


After 300 mg. of vitamin C. (Pure ascorbic acid 

15-85 

850 

2-80 

After 1,250 mg. of vitamin C. (Pure ascorbic 
acid only.) 

128-44 

1,260 

10-28 

After 100 mg. of vitamin C. (Pure ascorbic acid 
only.) 

65-89 

1,325 

65-89 


It will be seen that, irrespective of the initial level of the excretion in the urine, 
not until doses exceeding 1,000 mg. of the vitajnin were administered was there 
observed a ‘ peak ’ in the urinarj excretion. In case 3, the body tissues 
became ‘ saturated ’ after the dose of 1,136 mg. Though the ‘ peak ’ was observed 
at this point, the excretion of ascorbic acid in the 24 hours following this dose was 
only 14-7 per cent of the intake. Once the tissues were ‘ saturated smaller 
test doses were to a great extent excreted in the urine. Thus after ‘ saturation ’ 
53*1 per cent of a test dose of 335 mg. of vitamin C were excreted in the urine within 
24 hours. Subsequent daily doses of 130 mg., 60 mg., and 25 mg. were excreted 
at 91-0, 88-9, and over 100 per cent levels, respectively. The excess excretion of 
vitamin C over intake during the last day may presumably be accounted for by 
the vitamin C present in the usual diet or perhaps by residual ascorbic acid 
left unexcreted dming the previous 24 hours when liigher doses were being 
administered. 

In the second case (case 25), 65-89 per cent of the intake were excreted after 
'saturation’ with 1,250 mg. Before saturation, after a test dose as high as 300 
mg., the urinary excretion was not very different from the initial level determined 
before administration of any test dose of the vitamin. The results are graph- 
ically represented in the Chart. 
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A rough quantitative measure of ‘ vitamin-C sub-nutrition ’ might be derived 
from ‘ saturation ’ experiments. Presumably, if an individual is already 



‘ saturated any additional ascorbic acid given as a test dose should be excreted 
apart from whatever is destroyed in the system. In case 3 the ‘ peak ’ of 
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excretion occurred in three days-, after ]‘,613 mg. of vitamin C had been taken. 
During this period, 195'5 mg. were excreted, representing 12-12 per cent of intake. 
The degree of ‘ vitamin-C sub-nutrition ’ in this case might be represented as 87-88 
(100—12-12). Similarly, in case 5, with an intake of 1,550 mg. at the first peak 
and an eycretion of 10-33, the degree would be. described as 89-67. The hypo- 
thetical figure 100 would represent a maximum degree of ‘ sub-nutrition \ and 
the equally hypothetical figure 0 complete ‘ saturation ’. Destruction of vitamin 
C in the body must, of course, vary with individuals, and this might introduce 
fallacies in the above method of assessment. Nevertheless, it might be useful for 
comparative purposes. 


Effect of intake of vitamin C on its secretion in human milk. 

In the present investigation six lactating mothers who were apparently in 
normal health were included. They were kept under observation, three at a time ; 
the second group of three mothers was perhaps in a better condition than the 
first group, being drawn from a slightly liigher social stratum. In these cases, 
in addition to urinary determinations, the vitamin-C content of the breast milk, 
before and after the administration of the test doses of the vitamin, was investi- 
gated. Three determinations were carried out at different intervals of time after 
the test dose. 

The ascorbic-acid content of milk was determined as follows ; enough trichlor- 
acetic acid was added to a known volume of freshly drawn milk to produce 
a concentration of 8 to 10 per cent acid in the final medium. The mixture was 
filtered tlirough dry filter-paper into a dry flask, aliquots being titrated against 
standard iudophenol solution as quickly as possible. Blanks were investigated 
to test the quality of the reagents employed, particularly trichloracetic acid. 
The results of the determinations on the six lactating mothers are shown in 
Table III 


Table III. 


The vitamin-C content of Imman milk before and after administration 

of test doses of vitamin G. 


Name. 

Initial content 
in mg. 

VirABttN-C CONTENT IN SIO. AFTER ADMINISTEA- 
1 TION OF 300 MO. OP ASCOBBIn AOID. 

After 8 hours. 

After 24 hours. 

After 30 hours. 

Lakshmi 

0-10 

1-75 

1 

1 1-89 

0-98 

Mary 

0-10 

2-98 

313 

1-34 

Marimutliu . . 

0-15 1 

2-52 

1 2-33 

1 

M2 


1 

After 4 hours. 

After 8 hours. 

After 24 hours. 

Clara ' 

1 

1-15 

1-30 

MO 

1-32 

Kullamma , . . 

0-95 

1-63 

1-68 

1-40 

Kannamma . . 

- 2-41 

2-45 

1-86 

1-96- 
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The results show that the first group of three mothers, with a low eontent of 
vitamin C in their milk, displayed a quick response to the test dose of the vitamin, 
while in the second group in which the milk was richer in vitamin C the effect was 
not perceptible. The response to test doses was more rapidly apparent in the 
milk than in the urine. The effect of the test doses of the vitamin extended to 
periods be3'ond 30 hours. 


Discussion. 

In this paper the term ‘ vitamin-C sub-nutrition ’ has been used in connection 
with a particular test. It must he empliasized that we have at present no clinical 
or other data to show that subjects with a low excretion of vitamin C are necessarily 
in a poor state of health and nutrition. The physical effects of a low vitamin- 
C intake must be the result of further investigation. Gingivitis, periodontal 
infectious, and pj'orrhoea alvcolaris arc very common in South India, and there 
may be some relation between these conditions and a relativelj'^ small intake of 
fre.sh fruits and vegetables. The importance of an adequate intake of vitamin C 
has been stressed bj' many u’orkers. Mention may be made of the following 
investigations : vitamin C in relation to certain teeth affections (Fish and Harris, 
1934:) ; to the healing of gastric and duodenal ulcers (Archer and Graham, 1936a) ; 
to the maintenance of the glucose-tolerance level (Sigal and King. 1936) ; protection 
against anaphylactic shock (f?olomonica, 1936) ; improvement of the blood picture 
without iron and liver modification (Archer and Graham, 19366). All these in- 
vestigations go to show that the vitarain-C intake of a population is an important 
question requiring careful investigation. The present study certainly suggests 
that hypovitarainosis C may be a common deficiency in South India. 
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STUDIES ON VITAMIN-A DEFICIENCY. 


Part II. 

HISTOPATHOLOGY OF THE SKIN IN HTJ]\IAN KERATOMALACIA. 


BY 

11. V. lUDHAKRISHNA RAO. 

{NiUrition Research Laboralories, I. R. F. A., Coonoor, B. India.) 


[Rpccived for publication, March 31, 1937.] 


It is now generally accepted that keratomalacia is a disease-complex 
manifesting sjmiptoms not only in the eye but also in several parts of the body, 
lilost workers on keratomalacia who did not limit their clinical observations to 
the eye have described changes in the skin ■ as part of the syndrome. Thus, 
deGouvea (1883), Bloch (1917, 1921), Wilson and du Bois (1923), Blackfan and 
Wolbach (1933), and others reported the occurrence in infants of a dry, harsh, and 
scaly condition of the skin in association with the ocular manifestations. A 
peculiar dry, earthy coloration of the skin has been described by Wright (1922, 
1933-34, 1936), Elliot (1920), Herbert (1897), Hsu (1927), Stephenson (1912), and 
others. Pillat (1929a and h), who gave a detailed account of cutaneous changes 
in adult keratomalacia, pointed out that in sermre cases the skin of the whole body 
felt dry ‘ as if it had been strewn -with coarse powder The literature on the 
subject was briefly reviewed by Mackay (1934) and Frazier and Hu (1936). In 
spite, however, of the early recognition of the existence of changes in the skin and 
the general agreement that they form part of the syndrome of keratomalacia, no 
detailed investigation of the histopathology of the skin condition has hitherto 
been made. 

During recent years a papulo-follicular dermatosis called ‘ phrynoderma ’ 
(Nicholls, 1933) has been described in association with dry skin in cases of kerato- 
malacia (Nicholls, ?oc. cii . ; Frazier and Hu, 1931, 1936 ; Locwenthal, 1933a and b ; 
Wright, 1936). In a previous communication (Radhakrishna Rao, 1937) the 
clinical and histopathological features of this papular enrption were described, 
and it was pointed out that further investigation was necessary to establish the 
exact a3tiolog}’^ of the condition, though the morphological appearances resemble 
those seen in vitamin- A deficiency. In the present investigation changes in the 

( 39 ) 
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skin in advanced cases of keratomalacia, not showing the follicular eruption or 
secondary infections, have been studied. 

Material. 

Clinical observations of the condition of the skin in cases of keratomalacia 
in the Government Lawley Hospital, Coonoor, confirm the observations of 
previous workers and need no lengthy description here. In one advanced case 
in a woman, the skin of the whole bod}'’ was dry, inelastic and dull grey in colour ; 
with the exception of the face, the body was covered with scales, and scratching 
produced a white powdery desquamation. 

Skin clips for histopathological study were obtained by biopsy from the 
Government Ophthalmic Hospital, Madras, and the Government Lawley Hospital, 
Coonoor, the majority from the former. These were taken from the extensor 
aspect of the arms of 15 t 5 '|ucal cases showing advanced keratomalacia. All 
except three were adult cases. Most of the patients in this series gave a history of 
having had night blindness, diarrhoea or dysentery, fever, and cough ; some of 
them showed an enlargement of the liver, or spleen,' or of both. 


Histoj)at7iology. 

Technique . — Pieces of skin were embedded in paraffin, and serial sections 
were stained by Ehrlich’s acid-hsematoxylin and eosin, orcein, andWeigert’s iron- 
hsematoxylin and van Gieson’s stain. 

(а) Epidermis . — Most of the cases showed a superficial hyperkeratosis of the 
epidermis (Plate III, figs. 6 and 7). There was an excessive formation of horn- 
cells in these cases without any signs of parakeratosis ; occasionally, however, 
small masses of horn-cells with persistent nuclei were seen on the surface of the 
epidermis. The stratum corneum, which was broadened, appeared as a loose net- 
work (Plate III, figs. 6 and 7). In one case, however, in which the skin was atrophic 
and presented a cracked appearance (Plates I and II, figs. 1 to 3), the horny layer 
was greatly enlarged, homogeneous in structure and transformed into a horny 
mass (Plate IV, figs. 8 and 9) ; there was an imperfect cornification of the horn- 
cells (parakeratosis) and in places collections of red blood cells and leucocytes were 
seen in between the layers of keratin (Plate IV, figs. 10 and 11). 

In some instances the epidermis was thinner than normal (Plate III, fig. 6). 
Granules of melanin pigment were increased in the cells of the basal layer of the 
epidermis, and. in some places, the pigment-bearing cells were increased in number 
and were present throughout the thickness of the rete mucosum. _ Acanthosis of 
the prickle-cell layer is not a marked feature, though in some .instances short 
processes were seen dipping down into the corium. 

The cells of the stratum lucidum and stratum granulosum showed no appre- 
ciable changes. 

(б) Corium {cutis vera ). — In cases in which the epidermis showed atrophic 
changes, the papillary layer was flattened out. Perifollicular infiltration Rjostly 
fibroblasts and mononuclear lymphoid cells — was limited to those hair follicles 
in which marked changes were evident. 
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skin in advanced cases of keratomalacia, not showing the follicular eruption or 
secondary infections, have been studied. 

Material, 

Clinical observations of the condition of the skin in cases of keratomalacia 
in the Government Lawley Hospital, Coonoor, confirm the observations of 
previous workers and need no lengthy description here. In one advanced case 
in a woman, the skin of the whole body was dry, inelastic and dull grey in colour ; 
with the exception of the face, the body was covered with scales, and scratching 
produced a white powdery desquamation. 

Skin clips for histopathological study were obtained I'ly biopsy from the 
Government Ophthalmic Hospital, Madras, and the Government liawley Hospital, 
Coonoor, the majority from the former. These were taken from the e.xtensor 
aspect of the arms of 15 tjqDical cases showing advanced keratomalacia. All 
except three were adult cases. Most of the patients in this series gave a history of 
having had night blindness, diarrhoea or dysenteiy. fever, and cough ; some of 
them showed an enlargement of the liver, or spleen," or of both. 

HUto'patliology. 

Technique. — Pieces of skin were embedded in paraf&u, and serial sections 
were stained by Ehrlieh’s acid-hasmatoxylin and eosin, orcein, and Weigert’s iron- 
heematox 5 din and van Gieson’s stain, 

(a) Epidermis. — Most of the cases showed a superficial hyperkeratosis of the 
epidermis (Plate III, figs. 6 and 7). There was an excessive formation of hoin- 
cells in these cases without any signs of parakeratosis ; occasionally, however, 
small masses of horn-cells with persistent nuclei were seen on the surface of the 
epidermis. The stratum corneum, which was broadened, appeared as a loose net- 
work (Plate III, figs. 6 and 7). In one case, however, in which the skin was atrophic 
and presented a cracked appearance (Plates I and II, figs. 1 to 3), the horny layer 
was greatly enlarged, homogeneous in structure and transformed into a horny 
mass (Plate IV, figs. 8 and 9) ; there was an imperfect cornification of the horn- 
cells (parakeratosis) and in places collections of red blood cells and leucocytes were 
seen in between the layers of keratin (Plate IV, figs. 10 and 31). 

In some instances the epidermis was thinner than normal (Plate III, fig. 6). 
Granules of melanin pigment were increased in the cells of the basal layer of the 
epidermis, and, in some places, the pigment-bearing cells were increased in number 
and were present throughout the thickness of the rete mucosum. Acanthosis of 
the prickle-cell layer is not a marked feature, though in some .instances short 
processes were seen dipping down into the corium. 

The cells of the stratum lucidum and stratum granulosum showed no appre- 
ciable changes. 

(h) Corium (cutis vera). — In cases in which the epidermis showed atrophic 
changes, the papillary layer was flattened out. Perifollicular infiltration-— mostly 
fibroblasts and mononuclear lymphoid cells — was limited to those hair follicles 
in which marked changes were evident. 



Plate III. 


[AU the photomicrographs were taken with ‘ Mi flex’ (Zeiss).] 
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Figs. 4 and 5. — Sections of sUiii from a labourer, aged 25 years, ai)i)arontly in normal health. The skin clipping 
was taken to serve as a control, and the sections illustrate normal appearances, x 50. 






Fig. 7. 


Figs. 6 and 7.— Superficial hyperkeratosis of the epidermis in keratomalacia. The horny layer is broadened 
and appears as a loose network. The epidermis is thinner than normal in Fig. 6. x 50. 









Fia. 12. 


Fig. 12. — Section of so.-xlp showing an atrophic hair 
follicle. Note the cellular infiltration in 
the perifollicular tissues, x 30. 


Fia. 15. 


Fig. 15. — A sweat duct showing occlusion of its open- 
ing with keratinous material, x 100. 
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In llio case illustrated in Plates I and II, figs. 1 to 3, there was marked 
perivascular Iyinphoc 3 dic infiltration. In places, large multinucleated cells, with 
nuclei arranged in a small group in the centre of the cell, were .seen in the cellular 
infiltration (Plato IV, fig. 9). A similar accumulation of cells was also seen around 
the sweat glands. The collagen bundles and the elastic fibres in the corium were 
separated as a result of the cellular infiltration ; apart from this, the fibrous and 
clastic elements appeared normal. 

Pew pigment cells were seen in the papillary layer of the corium. 

(c) Sebaceous (jla7ids . — Marked changes were found in the sebaceous glands 
in all instances. The glands were completely absent in two cases including the 
one referred to above (Plates I and II, figs. 1 to 3) ; in others, they were few in 
number. The sebaceous glands associated with the hair follicles which showed 
the follicular lesions appeared small and atrophic ; the glandular cells were 
diminished in number and their c)’^toplasm was decreased in amount. 

(d) Siveal glavds. — Apart from the cellular infiltration around the sweat 
glands in one case, mentioned above, no appreciable changes were found in the 
sweat glands. Slight dilatation of the lumen of the coil glands, with a flattening 
of the lining epithelium, was, however, occasionally seen. The funnel-like 
openings of some of the sweat ducts were occluded to a varying extent with 
keratinous material (Plate V. fig. 15). 

(e) Hair follicles a7id hair . — The superficial hyperkeratosis of the epidermis 
extended, in many instances, into the mouths of the pilo-sebaceous follicles 
(Plate IV, fig. 8 ; Plate V, figs. 13 and 14). The epithelium lining the follicles 
showed hyperkeratinization, and, in some instances, there was a tendency for 
the formation of horny plugs resulting in a widening of the follicular ostium. 
Similar changes were seen in the scalp in one case in which a piece was removed 
for examination (Plate V, fig. 12). Parakeratosis was evident in the outer layers 
of some of the follicular plugs. The remains of the hair were generally seen, often 
coiled up, in the horny mass of the dilated follicles. Atrophic changes were 
rarely found in the lower part of some of the hair follicles showing the above- 
mentioned follicular lesions. 


Discussion. 

The principal microscopic changes in the skin in keratomalacia consist of a 
superficial hyperkeratosis of the epidermis extending into the mouths of the pilo- 
sebaceous follicles, slight but demonstrable atrophy of some of the hair follicles 
and atrophic changes in the sebaceous glands. In some instances, the epidermis 
was thinner than normal. The exact sequence of these changes in the skin is 
difilcult to judge from a study of the late stages of the skin condition as seen in 
the present series of cases ; a study of serial skin sections in these cases, however, 
suggests that the hyperkeratinization of the epidermis is the primary feature, 
while^ the atrophic changes in the sebaceous glands are either secondary or 
coincident. No exact parallelism exists between the degree of hyperkeratosis 
of the epidermis and the intensity of the changes present in the sebaceous 
glands. 

_ The histopathological features as described indicate that the rough and dry 
skin seen clinically in cases of keratomalacia is due to an excessive epithelial 
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keratinization and an absence or diminution of the secretions of the cutaneous 
glands. Tim absence of marked sweating in these cases is probably due to a loss 
of the specific function of the epithelium of the coil glands which, as in the present 
series of cases, may not show any demonstrable pathological lesions. Wolbach 
and Howe (1925) concluded that in experimental avitaminosis-A in albino rats 
the deficiency results in a loss of the specific (chemical) functions of the affected 
secretory epithelium and in the substitution of a chemically inactive non- 
secretory epithelium. These authors reported in vitamin-A-deficient rats skin 
changes similar to those described here. Atrophy of the sebaceous glands has 
been attributed by Bommer (1934) to a deficienc)'' of vitamin A. The peculiar 
greyish or slaty coloration of the skin seen clinically in cases of keratomalacia is 
probably due to the increased pigment in the cells of the basal layer, and to an 
increase of the pigment-bearing cells in the epidermis. The wrinkling of the 
surface epithelium, consequent on its atrophy, may apparently increase the pig- 
ment per unit of body surface, and thus maj'^ contribute to the appearances seen 
clinically. Pigmentation of the conjunctiva in cases of keratomalacia has been 
described by AVright (1922), Mori (1924), Pillat (1929ff, 1932), and others. The 
explanation of the increased pigmentation of these epithelial surfaces is far from 
clear. Pillat (loc. cit.) suggested that there is probably disease of the suprarenal 
gland. Further work on this problem is required. 

Except in one case, inflammatory changes in the corium were not present. 
The cellular infiltration and the multinucleated cells in the corium in this case were 
probably secondary, due to a superimposed chronic infection. 

The data obtained in this study provide evidence that the nutrition of the 
skin suffers in keratomalacia. The condition of the skin appears to be a 
dj^strophy, the pathological changes being due to an interference with its 
nutrition. It is generall)' recognized that pure states of avitaminosis, as seen 
in experimental animals, are not encountered in human beings ; human kerato- 
malacia ma}'^, however, be assumed to resemble the pure avitaminosis-A of experi- 
mental animals (AVright, 1936). The patients in the present series were in a state 
of vitamiu-A deficiency shown by the presence of keratomalacia. The presence 
of other minor nutritional deficiencies cannot be excluded in these cases, but 
obvious clinical signs of such deficiencies were absent. The histopathological 
changes described in this paper may therefore justifiably be ascribed to vitamin-A 
deficiency, and they conform to the morphological appearances described 
by AA’^olbach and Howe (toe. cit.), Goldblatt and Benischek (1927), and others 
in experimental avitaminosis-A. AA^’liether similar histopathological lesions in 
the skin may occur as the result of other deficiencies remains to be investigated. 

A striking similarity is evident between the microscopic lesions in the skin 
in keratomalacia, described above, and those described in ‘ phrynoderma ’ by 
Frazier and Hu (1931, 1934, 1936), Loewenthal (1933«) and Eadhakrishna Eao 
(toe. cit.). The follicular lesions were, however, more marked in phrynoderma ; 
h}q)erkeratinization of the lining epithelium of the follicles was more pronounced, 
and there was marked dilatation of the funnels of the pilo-sebaceous follicles by 
kexatotic plugs. The histopathological differences in the hair follicles in the 
two conditions appear to be only one of degree and not of quality. Frazier and 
Hu (Joe. cit.) and Loewenthal (1935) described a dry and rough skin preceding the 
onset of the papular lesions. Such a sequence of events may suggest that the 
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papular lesions represent a later stage of tlie dry and rough skin. If it is so, it 
would be interesting to study whether the inapulcs arc the result of a pathological 
response to external irritation (e.g., dirt), or whether they represent a localization 
of the pathological process resulting from defective nutrition to the funnels of the 
pilo-sebaceous follicles. Clinical investigation of the effect of vitainin-A concen- 
trates on the papular eruption in ‘ phrynoderina ’ would help to elucidate the 
ffitiology of the condition and the association between phrjmodenna and the 
changes described here. Such an experiment is now in progress. The present 
investigation appears to support the view that ‘ phrynoderma ’ is associated with 
vitamin-A dcficieucj’. 


Summary and conclusion. 

The histopathological features of the skin in human keratomalacia were 
studied. The principal microscopic clianges consist of a superficial hyperkeratosis 
of the epidermis extending into the mouths of the pilo-sebaceous follicles, atrophy 
of the sebaceous glands, and slight atrophic changes in some of the hair 
follicles. 

It is shown that the above-mentioned lesions in the skin resemble those 
described in ‘ phrynoderma and the advanced foUicular lesions in the latter 
differ from the former only in degree and not in quality. 
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Table I — concU. 


l^nmo of foodaluff. 

Botanical name. 

Sfoisturo, 
per cent. 

' Crude protein ’ 
{N X 6-25), 
per cent. 

Ragi 

Elcusine coracana 

12-68 

7-43 

Red gram . . 

Cajanus indicus 

13-08 

23-67 

LcnUl 

Lens "scuicnta 

12-4G 

24-11 

Bengal gram .. 

Ctccr arictintiin 

12-91 

21-68 

Green gram 

Phascoltts radiatua 

1.3-10 

24-77 

Blank gram . . 

Pfiascolus mungo 

12-82 

24-23 

Soya bean . . 

Qlycinc hispida 

10-2.5 

42-41 

Skimmed milk pow der . . 

— 

4*10 

38-04 


The composition of the diets used is shown in Table II. They are similarly 
constituted to those used in Part I of this series of experiments (Swaminathan, 
loo. ciU). 


Experimental. 

Groups of young rats (3 or 4 in each group), of 45 g. to 55 g. body-weight, 
were fed individually with the various experimental diets, in the proportions 
indicated in Table II. In addition 3 c.c. of an aqueous solution of yeast extract 
{corresponding to 0-75 g. of dry yeast), containing the vitamin-B complex, were 
given daily to each rat along with its food. The diets were thoroughly mixed up, 
made into a paste by adding distilled water in order to prevent scattering of food, 
and samples were analysed for their moisture and nitrogen content. The dry 
weights of the diets before the addition of water (allowing for the moisture contents 
of the foodstuffs used) were noted and also their wet weights in the pasty condition. 
In weighing out the daily food care was taken that the food given should not exceed 
greatly the average food consumption, thus avoiding a large residue. Food residue 
remaining uneaten was carefully collected daily, completely dried in an air oven 
at 100°0., and the corresponding dry weights of the residual food subtracted from 
the dry weight of the food given daily to the rats. By this means daily food intake 
was obtained. 

The test diets were fed for a period of 9 weeks. The first week of each 
period was regarded as preparatory, allowing the rats to accommodate themselves 
to the diets ; the daily collection of food residue was therefore confined to the 
remaining 8 weeks of the period and calculations were made on the results of the 
subsequent 8 weeks. The rats were also weighed weekly. 

The data regarding the growth experiments and calculation of the biological 
values are given in Table III. 
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Discrssiox. 

The problem of mea.siirin:' tlie nufrifive value of proteins for growth is 
coinplieated by the fact that the protein re<|uirement for growth is superimposed 
upon that for mainteiianee. lienee, in .siinpie feeding e.vperimeirts, the growth 
secured is not the. total etfeet of the dietary ])rot(‘in consumed, since part of the 
protein is being usetl to re[)lace endogemui.s Jos.se.s of nitrogen (maintenance). The 
({uestions as to whetlier the protein re<|uirenients for maintenance are the same as 
rerpiirements fornrowtli, either qualitatively or quantitatively, and whether it ispos- 
sibie to arrive at the protein retpiirenients for growth l)y subtracting the protein the 
re(|uirements for maintenance. ol)servcd in e-xperiments in which both are involved, 
will be discussed later, in the light of the e.xlsting literature and the results obtained 
in these investigations. In comparing the biological values of proteins by this 
method, it should idso be remembered that the digestibility of the proteins them- 
selves is also an intlueneing factor. It was pointed out in the introduction that 
results of e.\-periments of varying length arc not comparable, since short experi- 
ments give higher values than longer one.s. The duration of the c.xperimenfal period 
in tliis study was 3 weeks, and the calculation of the biological value has been 
made from the data obtained for the first period of I weeks and for 8 weeks. In 
general the figures obtained during a period of 4 weeks were slightly higher than 
the corrc.sponding values obtained during a period of 8 weeks. This has also been 
the e.xperienec of previous workers (O.sborne and Mendel, 1920 ; Basu et ah, 
loc. oil.). The level of protein intake was kept at approximately 5 per cent 
in the diets containing the cereals and at 10 per cent in those containing pulses, 
.since the protein content of tlie former varied from G to 12 per cent and it is not 
pos.sible to prepare diets containing 10 per cent protein with all the cereals. 
Hence compari.sons cannot be made between cereals and pulses, since the levels 
of protein intake arc not the same. 


Cereals. 

Of the 5 cereals— rice, wheat, cambu, cholam, and ragi— investigated, the 
proteins of rice have the highest biological value, 2’17 and 1'7, during periods of 
4 weeks and 8 weeks respectively. Morgan (1931) reported a value of 1-41 for 
the proteins of rice wlien the duration of experimental period was 8 weeks and 
the level of protein intake 8 per cent. The high biological value (80) obtained 
for the proteins of rice l)y the balance-sheet method for maintenance in adult rata, 
together with the high value (1-7 during 8 weeks) obtained for the maintenance 
and growth of young rats, go to show that the proteins of rice are of high quality 
for supporting maintenance and growth. The proteins of wheat rank next to 
those of rice, the biological values obtained being 1-60 and TSl during periods of 4 
weeks and 8 weeks respectively. Osborne and Mendel (1920) repo»'ted values of 1*2 
and 1-1 during the periods of 4 weeks and 10 weeks, when the level of protein intake 
was 5 per cent and the source of vitainin-B complex was wheat itself. The few 
other recorded estimations of the biological values of the proteins of wheat using 
this method are as follows : 1’6 during a period of 60 days and at a level of intake 
of protein of 10 per cent (Hoagland and Snider, 1926) ; 1-7 during a period of 56 
days (8 weeks) and at a level of protein intake of 10 per cent (Morgan, he. cit.) ; and 
1-36 during a period of 9 weeks and at a level of protein intake of 10 per cent 
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(Boas-¥ixsen et al., 1934). The biological value of 66 obtained for the proteins 
of wheat by the balance-sheet method for maintenance in adult rats, together 
with the values of 1'60 and 1-31 obtained for the growth and maintenance of 
young rats, go to prove that the proteins of wheat are inferior to those of rice. 

The proteins of cambu, cholara, and ragi are of lower value for the growth 
and maintenance of young rats, than those of rice and wheat, ranking in the 
following descending order — cambu, cholam, and ragi. The biological values 
obtained are T27 and 1T5 for the proteins of cambu, 0‘87 and 0’78 for those of 
cholam and 0'96 and 0‘7l for those of ragi, during the periods of 4 weeks and 
8 weeks respectively. On the other hand, high biological values— 83, 83, and 89 
respectively — were obtained for the proteins of these foodstuffs for maintenance 
in adult rats (Swaminathan, loc. cit.). From the above results, it is evident that 
the proteins of these tliree foodstuffs are more efficient for maintenance than for 
growth. The cereal proteins may be arranged in the following descending order 
of merit for the growth and maintenance of young rats : rice, wheat, cambu, 
cholam, and ragi. 


Ptdses. 

Of the 6 pulses — red gram, lentil, Bengal gram, green gram, black gram, 
and soya bean — investigated, the proteins of black gram were found to be the 
best and those of red gram the poorest. While biological values of 1-29 and 1-CO 
were obtained for the proteins of black gram, the proteins of red gram were found 
to support no growth at all. All the three rats placed on the red-gram diet failed 
to grow and died during the course of the experiment. In later experiments a fairly 
high biological value (62) has been obtained for the proteins of black gram for 
maintenance in adult rats. This figure, and the values (T29 and I'OO) obtained 
here, show that black gram contains proteins of fairly high value. The proteins of 
green gram rank next to those of black gram, the biological values obtained being 
1'29 and 0-94 during the periods of 4 and 8 weeks re,spectively, Basu et al. [loc. cit.) 
reporting slightly higher values of T48 and 1-16 respectively. 

' The proteins of soya bean have been the subject of numerous investigations, 
but the available data is still conflicting. Osborne and Mendel (1916), Shrewsbury 
and Vestel (1932), and Shrewsbury et al. (1932) found that raw soya 
beans when fed to rats as the sole or principal source of protein in an otherwise 
adequate diet did not support normal growth. However normal growth resulted 
when they fed soya bean which had been previously cooked. Ivon and Markuze 
(loc. cit.) obtained a value of 1-57 for the proteins of steam-cooked soya bean 
during a period of 30 days when fed at 10 per cent level. Adolph and Cheng (1935) 
reported a biological value of T4 for the proteins of soya bean during a period 
of 30 days when fed at ITD per cent level. The recent findings of Steenbock el al. 
(1936) are not in agreement v/ith those of the previous investigators. They found 
that raw soya beans produced no growth when the level of protein intake was 10 
per cent and only a slight growth at an 18 per cent level, the biological value 
obtained at the higher level being 0’5. In the present experiments, it was found 
that- the proteins of raw soya beans produced moderate growth, the biological 
values obtained being 0-94 and 0-78 dmlng periods of 4 and 8 weeks respectively, 
a.resultmot in agreement with those of the previous investigators.. The higher 
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value reported by Koii and Srarkuzo {loc. cit.) may be due to the efiect of cooking 
oil the, proteins of soya bean, and tliafc reported by Adolph and Cheng {loc. cit.) 
to the supplementary eft'ect of the proteins of dried yeast used in their experiments 
as the source of the vitamin-B complex. 

The proteins of lentil were found to support very poor growth, the biological 
values obtained being 0'59 and 0'47 during periods of 4 and 8 weeks. Basu et al. 
{loc. ciL] obtained higher values of I'OS and O'S?. 


Skim Died milk powder. 

Biological values of 1-84 and lAb were obtained for the proteins of skimmed 
milk powder, during periods of 4 and 8 weeks respectively and at a 10 per cent 
level of protein intake. These values are nearly twice that obtained for the proteins 
of soya beau under similar conditions. HoagJand and Snider (loc. cit.) reported 
a higher biological value of 2 -30 for the proteins of milk, during a period of 30 
days and at a 10 per cent level of protein intake. 

Food intake and inckease in body -weight. 

Osborne and Jfendel (1915) have shown that rats consumed food in propor- 
tion to their calorie needs. The diets .shown in Table II are of almost equal 
calorific value per unit of weight. From Table IV it will be seen that the average 
daily food intake with the diets containing the cereals, during the period of 8 weeks, 
varies from 6 -8 g. with the rice diet to 10'3 g. with the cholam diet ; with the diets 
containing the pulses it varied from 8-1 g. with the green-gram diet to lO'l g. with 
the black-gram diet. The daily average food intake of rats on skimmed milk powder 
diet was 11 •? g. Mitchell and Hamilton (loc. cit.) are of opinion that ‘ the greater the 
intake of food by rats of similar size, the greater the proportion of protein intake 
that will be available for growth and hence the greater the gain per gram of protein 
consumed ’. The results obtained in the experiments do not wholly support this 
contention, for although greater food intake is assoeiated in general with greater 

increase in body-weight, the ratio slightly affected, 

since greater protein intake is followed by a corresponding greater increase in 
weight. 


Effect of sex on the biological value of proteins. 

Hoagland and Snider (loc. cit.) reported that, throughout a large number of 
comparisons, the gain in weight per gramme of protein intake was, with two 
exceptions, larger in male rats than in female rats, and they interpreted this 
difference as being the result of the greater growth capacity of male rats as 
compared with female rats resulting in a greater consumption' of food. The 
experiments of Morgan (loc. cit.), on the other hand, do not wholly support this 
hypothesis. He found that although greater gains in vmight are usually made by 
the males their food intake is also greater and the factor gain per gramme of 
protein intake is but little affected. Basu et al. (loc. cit.) found that wit]} 
a single exception male rats gave slightly higher values than female ones. In 
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the present experiments, with two exceptions, the values obtained for male rats 
are slightly in excess of those obtained with female rats. The biological values 
obtained with male and female rats are shown in Table V : — 

Table V. 


Effect of sex on the biological valves. 


1 

Source of protein j 
in the diet. | 

! 

1 

Approximate 
level of 
protein in 
the diet, per 
cent. 

Number of 
rats. 

Avekare piolooioal 

VAEUE. 

4 weeks. 

S weeks. 



r 

2 M 

2-27 

1-86 

Raw milled rice 

5 i 

1 





1 

1 

1 

1 F 

1-98 

1-38 


1 

f 

2 M 

1-77 

1-43 

Whole wheat 

5 J 

1 





i 


2 F 

1-43 

MS 

1 

1 

1 

r 

2 51 

L37 

1-27 

Cambu . . . . 

5 \ 

1 





\ 1 
1 

1 

1 F 

1-08 

0-92 


1 

r 

2 51 

0-96 

0-90 

Cholara 

5 i 

1 


1 



1 

1 

1 F 

0-69 

0-53 

1 


r 

1 51 

0-98 

0-76 

Ragi 

5 







i 

1 F 

0-93 

0-6G 

1 



2 51 

0-67 

0-50 

Lentil . . 

10 







1 

2 F 

0’.51 

0-45 


1 

r 

2 51 

1-04 

0-7.5 

Bengal gram 

10 \ 

i 





1 

1 

2 F 

0-78 

0-65 


1 

r 

2 51 

1-31 

0-99 

Green gram 

10 

1 





1 

1 

[ 

2 F 

■1-27 

0-90 





- 
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j Avkraoe mocooical 


Aiij>ro\iimiU‘ 


j VALUi:. 

Source of [iroU'iu 
in lliL- diet. 

of 

XaiuhtT of 
ratv. 



prole III 111 
llio diiU, |u>r 

( ! 

] 



< cut. 


4 weeks, j 

8 weeks. 


Ill 1 

3 .M 

1 

1-31 

0-99 

Itlact: '.'t.un 

I 1' 

1-32 

1-03 

1 


f 

•d M 

0-92 

0-7.5. 

Soya bo-in 

1 

1 F 

1-01 

0-87 


( 

3 M 

, 1-92 

i t-48 

Skimmed milk poveder 

1 

I F 

1-61 

1-38 


The biological values and (he values c/r^. 

Osborne, Jrendel and Ferry’s method relates the growth obtained (I) to the 
protein intake (P) and expresses the biological valne of the protein by the ratio 
^ Plimmer el al. {loc. cit.). pointed out 

that increase in body-weight (I), the time or duration of experiment (T) and the 
protein intake (P) together represent the value of a protein in nutrition, i.e., 

is the first factor representing the growth curve and -pr is the secoml factor 
representing the gain in weight per gramme of protein intake. According to them 
the product of the two factors ^ and p , i.e., ?pp, represents completely the 
nutritive value of the protein numerically. The average values of the factor 
^p have been calculated for periods of 28 days and 56 days and are shown in 
Table YI. In these calculations, is taken as the average daily increase in 

body-weight. It will be .seen from Table VI that the values of are less than 
the corresponding biological values except in the cases of black gram and 
skimmed milk powder where they are greater, due to the obvious reason that 
with these foods the average daily increase in body-weight exceeded one gramrrm. 

Nevertheless, the values of provide roughly similar conclusions as regards the 
relative biological value of proteins investigated. 



Table VI. 

Shoiving average biological values and the values o 
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AVEUAfJK BAILV GAIN’ IN' UODV-WEIGHT AND BIOLOGICAL VALUE. 

McCollum d al. (loc. cil.) carried out a series of experiments with 
diets eontainin'r equal proportions of dilTcrcnt proteins. The performances of 
the rats fed on these fliets were compared not only as regards rate of growth but 
also as regards longevity, fertility, and lactation, no records being made of the food 
intake of rats. ^litehell (ll'JOhj has shown from data based on the experiments 



Fig. I. — Increase in body-weight in rats obtaining proteins from varfous cereals. 


of Osborne and Mendel (1920) that results based only upon the rate of growth of 
young rats, v/ithout taking into consideration the food and protein intake, lead 
to erroneous conclusions about the relative biological value of different proteins. 
Taking average daily gain in body-weight as the sole criterion of biological value 
(IVIcCollum el al., loc. cil.) the proteins investigated in these experiments would range 
themselves as follows in descending order of merit : cereal proteins — rice, wheat, 



Body-weight (g.) 
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Fig* 2. — Increase in body-weight iu rats obtaining proteins from various pulses and skimmed 

milk. powder. . - . _ 


. Sira/iiiiialhai}. 


'7,7 


cunibii, {’l.olam, iind ra;>i ; ))vilso prulcin'. i)lii< k trrani, soya bean, green gram, 
Bengal grain, ami lentil. The eonclusiuiis suarrivedat are in general agreement 
with the biological values ashcssed by tlie -.tand.inl growth method and the values 

of.,!;. A .single exception is (h:it (he pr-ifcitis of soya bean are placed above those 
of green gram. The average <laily incre-e-<- of body-weight is given in Table VI 
along with the corre.sponding bioloL’ie.d \ allies and the values of,^; the growth 
curves are .shown in Figs. 1 and 2. 

Thu nioi.or.ic.\L v\lvf.s ok kuotkins kor different functions: 

M.tlNTK.NANfi: VEK-Sl’S OROWTif. 

It secin.s unlikely that the protein requirements for maintenance should be 
the .same either quantitatively or qualitatively as those for growth. Part of 
the fir.st will be u.sed to form simjde nitrogenous compounds, whereas for the second 
a comple.x selection of all the amino acid.s which enter into the structure of tissue 
proteiu-s will be needed. It has been repeatedly demonstrated by many workers 
(Osborne and Mendel, 191 1 ; 'Willcock and Ilopkin.s, 1906-07 ; Bose and Cox, 1924, 
1920) that the <lifTerence.s in nutritive value for growth and maintenance displayed 
by dilTerent jiroteins are mainly due to the presence in varying proportions, or the 
absence, of certain es.scntial amino acid.s such as tr) 7 )tophane, lysine, cystine, and 
histidine. Since amino-acid requirements for growth and maintenance differ, it 
i.s impossible to insscss accurately the value of a protein for growth alone by 
subtracting the amount estimated a.s necessary for maintenance in experiments 
in which both growth and maintenanoc were involved. In this connection, 
Sherman (19:16) observes that ‘It may also lie helpful to think of the protein 
metabolism, not only in terms of building and repair, but also of maintaining the 
(approximate) dynamic equilibrium which exists between proteins and amino 
acids in the cells of animal tissues. Concentration of any one' of the amino acids 
into which tissue proteins tend to he hydrolysed may therefore be expected to help 
in pu-shing the reaction amino acids proteins towards the right ; in other 
words any of these amino acids may thu.s, to some extent, function in the 
maintenance of body protein, whereas for the synthesis of new protein as in 
growth, all the amino acids wdiich enter into the structure of tissue proteins 
would be needed. Hence it Is quite reasonable that proteins of different 
efficiency for growth may show much more nearly equal efficiency in the normal 
maintenance nutrition of adults ; though it is also true that, so far as is 
known, the proteins more efficient for growth are likewise more efficient for 
maintenance 

The results obtained in the present series of investigations which are shown 
in Table VII are in accordance with the view expressed by Sherman, viz., that 
proteins more efficient for growth are likewise more efficient for maintenance, the 
important examples being the proteins of milk, rice, wheat, and black gram. At 
the same time there is some evidence to show that proteins inefficient for growth 
in young rats may be very efficient for maintenance in adult rats when studied' 
by the balance-sheet method, examples being the proteins of ragi, red gram, and 
cholatn. 
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Table VII. 


Biological values for the maintenance of adult rats and for the growth 
and maintenance of young rats. 


Name of foodstuff. 

Level of 
protein 
intake, per 
cent. 

Biological value. 

For maintenance 
in adult rats, 
per cent. 

For growth and 
maintenance in 
young rats during 

8 weeka. 

Raw milled rice 

5 

80 

1-70 

Whole wheat 

5 

66 

1-31 

Cambu 

5 

S3 

1-15 

Cholam 

5 

83 

0-78 

_ 

Ragi 

5 

89 

0-71 

Red gram , . . , 

10 

85 

_ 

Lentil 

10 

41 

0-47 

Bengal gram 

10 

62 

0-70 

Green gram 

10 

51 

0-94 

Black gram . . 

10 

62 

1-00 

Soya bean . , 

10 

64 

0-78 

Skimmed milk poAvder . . 

10 

83 

1-45 


Summary and conclusions. 

(1) The biological values of the proteins of 12 common foodstuffs, including 
5 cereals — rice, wheat, cambu, cholam, and ragi ; 6 pulses — red gram, lentil, 
Bengal gram, black gram, green gram, and soya bean ; and skimmed milk powder, 
have been determined by the growth method on rats. 

(2) On a 5 per cent level of protein intake, the biological values, of the proteins 
of cereals, during periods of 4 and 8 weeks respectively, were as follows ; rice 
2-17 and 1‘70; wheat 1-60 and 1-31 ; cambu T27 and 1-15 ; cholam 0-87 and 

0- 78 ; and ragi 0-96 and 0-71. 

(3) On a 10 per cent level of protein intake, the biological values of the proteins 
of pulses and skimmed milk powder, observed during periods of 4 and 8 weeks, 
were as follows : lentil 0-59 and 0'47 ; Bengal gram 0-91 and 0'78 ; green gram 

1- 29 and 0'94 ; black gram 1-29 and I’OO ;'soya bean 0-94 and 0-78 ; and skimmed 
milk powder 1-84 and 1-45. 
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(1) Till' proteins of llu* live citc.iIs investigated range themselves in the 
following descending order of meiit ff)r the eiowth .ind maintenance of young 
rats : ri( e, wheat, eamlni. eliolam. .intl rar’i ' tliose of the pulses as follows : black 
gram, "reen gr.im. '■ova l)ean. Bengal gram, and lentil. 

(b) 'I'he proteins of reil gram were fouml to be inade(juate even for supporting 
life in young rat'^. On the cither hand the puiteins of skimmed milk pow'der were 
found jo sujiport \ery good growlli in \ouiig nils (12 g W'cekly) more than twice 
the .iverage weelcly increase in bod\ -wi-iglit (.b fig ) olitained w ith the diet containing 
tlie .same jierc eiit.ige of protein from s(i\.i bean. 

(0) The values of .j'j.were c .dc ulated for all the proteins investigated for periods 

of 1 wei'ks and 8 weeks. Tliey are in agrc’cment with the corresponding 
biological values olitained by the growth method. 
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Migration of Adrenaline in an Electrical Field. 


from the British Drug Houses, Ltd., London ; it was not chemically pure and hence 
its content of adrenaline was estimated at every stage. 

The buffers used ranged from almost 1 to 13, made up of glycocoll and either 
hydrochloric acid or sodium hydroxide, and of mixtures of primary and secondary 
phosphates, prepared according to the tables given by Clark (1920). Varying 
amounts of current passed through the adrenaline solution, depending on the 
conductivity of the buffer. To make comparison of the results possible, the 
amounts of adrenaline migrating to either pole are expressed on an uniform basis 
of 100 milliampere-hours. (Current strength in milliamperes x duration of passage 
of current in hours.) The results are shown in the Table ; — 


Table. 


The migration of adrenaline at various levels of pH. 


pH. 

i 

Amount in mg. 
migrating to 
-}-ve chamber 
per 100 m. a. b. 

Amount in mg. 
migrating to 
— ve cliamber 
per 100 m. a. h. 

Adrenaline jnoRATiNO, calcu- 
lated AS A TERCENTAOB OE 

THE TOTAL LEFT AT THE END 

OP EACH EXPEKIHENT IN 

CENTRAL CHAMBER. 

-fve chamber. 

1 — ve chamber. 

1 

M46 

1 

Nil 

0*109 

Nil 

14-0 

1*261 

1 

Nil 

0*192 

Nil 

33*5 

3*341 1 

Nil 

0*319 

Nil 

1 42*0 

7*381 1 

Nil 

0*406 

Nil 

71*0 

7*731 

Faint trace 

0-310 

Faint trace 

50*2 

8*043 

Trace 

0*095 

Trace 

27*5 

8*675 

0-013 

0-016 

2-4 

i 

2*9 

8*920 

0-026 

0-017 

4*2 

2*7 

9*714 

0-047 

Nil 

18*1 

Nil 

10*140 

0-091 

Nil 

34*9 

Nil 

12*399 

0-049 

Nil 

49-0 

1 

Nil 


It is seen from the Table that adrenaline migrates to the electro-negative pole 
in acid and slightly alkaline ranges, and to the electro-positive pole in strong alkaline 
ranges. The last two columns, showing the amoimt of adrenaline migrating, 
calculated as a percentage of the total left behind at the end of each experiment, 
bring out the results clearly ; appreciable migration to the electro-negative pole 
up to pH 8'0, increasing to begin with and then steadily declining as the pH 
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approarlies tli(‘ iVo-elcolnV point . and a pro^n-ssivi- increase in migration to the 
elect rn-po.sifivc pule with inerea.ve ol’ jdl in alKaline range. Tlie i.so-electric point, 
the point at whieli tliere is tlie least nnnralmn to eitlier ])ole, is in the neighbour- 
Iiood of 

The iinding of JJevrieiit </ n/., liiai adrenaline migrates unequally in the 
direction of both jioles, niav po.ssililv be e.vpiained by the fact that their results 
repre.sent the .summation of the elTeets of elei-trical migration and mechanical 
dilfu.sion. Other ob.servation.s made by lliein, to the olTect that-a greater amount 
of adrenaline migrate.s to tlie po.sitive pole with the addition of alkali or alkaline 
salt.s, and to the ojijio.siie jiole with tin* addition of acid or acid .salts, are fully 
continued. 

The .specimen of adrenalim* obtained from the B. D. PI. was not chemically 
pure. In order to a.scertain that the .substance actually migrating under the 
inllueiu'e of an electrical lield was adrenaline and not any other impurity capable of 
imparting the .same colour to Folin's reagent, the sub.stance which had migrated 
in each e.vperiment, either to the electro-po.sitive or the electro-negative chamber, 
was tested pharmaeologically by independent workers. Where ‘ adrenaline ’ was 
detected and e.stimateii by tin* chemical method, its presence was confirmed in 
every instance by jiharmacological tests. The tests were carried out by the usual 
standard pharmacological method, employing the decerebrated male cat, by 
Br. K: Venkatachallam and i\rr. .V. N. Ratnaginswaran of the Pharmacological 
Research Unit, Medical f'ollege, .^fadras. We very gratefully acknowledge their 
help. 
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TJIE TUAXSb’OiJMATiON OK CAKOTEXE INTO 

vita:\iix a jx lh'ej^ aetulysates. 


BY 

II. ELLIS C. WILSON, m.b., ch.b., d.sc., 

Frofcsior of Biodicmiitnj and Nulrilioii, 

L.VSIIIR -VILYAD, i>n.D., 

Assiilant Profc^aur of Biodicmislnj and Nutrition, 

AND 

13. X. 3IAZLLMDAR, Ji.sc. 

{From the All-India Institute of Hygiene and Public Health, Calcutta.) 

[lifcc-ivtil fur piiblir.itioii, January 18, 1937.J 

The dcinonstratioii of the tran-sforniiition of carotene into vitamin A has 
np to tlic present nob lieen concliisively made although there is no doubt that in 
the living organism sueli a change takes place. Tliat the liver is the main organ 
concerned appears likely in view of the capaeity of that organ to take up carotene 
given by mouth or injected into the circulation. In vitro experiments with liver 
hash or extracts incubated uith carotene gave conflicting results. 

Ilea and Drummond (1932) failed to show the presence of vitamin A in the 
livers of cats and rats killed 72 hours after the injection of carotene into the portal 
vein. In vitro experiments with liver and carotene incubated over a period of 
time also failed to give positive results. 

Ahmad (1931) working with rats also failed to obtain any transformation of 
carotene in liver-incubation experiments. Drummond and McWalter (1934) 
showed that carotene that had been injected into the portal circulation was taken 
up by the livers of rats and tended to disappear within a few days. The disappear- 
ance of the carotene could not, however, be correlated with the formation of 
vitamin A. Olcott and JIcCann (1931) on the other hand showed by spectrographic 
methods the appearance of vitamin A in an incubated mixture of rat-liver extract 
and carotene. No quantitative data however were given. Pariente and Ealli 
(1932) prepared a carotenase from dog’s liver which, when incubated with carotene, 
produced a substance giving the antimony-trichloride test. 

_ The inconclusiveness of the results obtained so far suggested to us a method 
which might avoid to a certain extent some unknown factors associated with 

( 85 ) 
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both in vivo and in vitro experiments. The method of sterile liver autolysis 
appeared to be a profitable line of investigation. In such an experiment the liver 
or a part of it is removed from the animal aseptically, plunged into paraffin wax 
(m.p. 38°C.), cooled quickly and left to autolyse at room temperature over a period 
of time. The advantage of such a method lies in that any vitamin A which may 
be formed or any carotene already present cannot be carried away by the 
circulation as in in vivo experiments. On the other hand the process of transforma- 
tion may be dependent on the integrity of the liver cells, a feature which is 
absent in organ extract preparations but preserved to a certain extent in autolysis 
experiments. The animals employed in these experiments were the rabbit and 
rat. The former was preferred owing to its having a larger liver which could be 
cut into several portions and the time course of the transformation could l^e 
observed in one organ. The animals were fed a vitamin-A deficient diet until they 
lost weight or showed signs of vitamin-A deficiency. They were then given carotene 
by mouth or intravenously and killed 21 to 72 hours later." The liver was removed 
aseptically, cut into three or four pieces, each piece quickly dipped into alcohol 
to ensure sterility and plunged into the liquid paraffin wax. One portion was 
immediately weighed and its carotene and vitamin-A content estimated while the 
others were kept for varying periods at room temperature (about 78°!’. to 85°F. 
during the monsoon in Calcutta). In only one case did putrefaction occur which 
was associated with a complete disappearance of both carotene and vitamin A. 
Similar autolysates of the spleen and kidneys were made with negative results. 
In the rat series, owing to the smallness of the liver, a portion of the organ from 
two animals had to be pooled for each analysis. The carotene and vitamin A were 
extracted by grinding the livers with anhj^drous sodium sulphate and extracting 
with ether. This extract was then divided into two parts each of which w’as 
evaporated to dryness. One part was taken up in petroleum ether for estimation 
of carotene by the Lovibond tintometer ; the other was taken up in chloroform 
for estimation of vitamin A by the antimony-trichloride reagent. The results 
are expressed in milligrams of carotene and blue units of vitamin A per gramme 
of liver tissue. 

The results obtained by this technique are given in the Table, experiments 
I, II, III, IV, and V, In experiments I to III with rabbit livers an increase in 
blue units was associated with a decrease in the carotene content. 


Table. 


Experiment. 

Number of 
daj's’ 
autolysis. 

Carotene mg. 
per g. of liver. 

1 

1 

Blue units 
per g. of liver. 



0 

0-0017 

11-53 



10 

0-0014 

24-60 

I. — Rabbit fed carrots and killed 3 days 





later. 


17 

0-0007 

34-60 



28 

mi 

37-20 
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//• li- C. Iivfo,,,. n. 

Iaiili: — conchl. 


^•^IK•riIllL'llt. 


J’uta'faclion 


ni. It.ililMt i..ir.,t,.,K- Ultra- I 

>enou.|y. K.lld -I later. ' 


Jl 


■>J ix.r lent reiuv end in liu r 


{ 


^"tyeuV' r n’; "'I fi'l f 

w taili, Kiii^.j a, , .1 

l»o raU— I„a. earotenu in oil fed [ 
‘«eael.. Killed l-f hour. hUr. | 


-VtimliiT of 

d.i\«* 
aiitoh :<|u. 

porL-‘on,'"°‘ 

I ffe. ofluer. perg. of liver. 


- - - 


0 

0-0012 

1 

0-25 

;i 

0-0001 

1 1-37 

10 

i 

0-00035 

1-80 

17 

0-00015 

2 * 0 ‘> 

L'S 

Ni£ 

Trace. 

0 

o-osoo 

M-GG 

a 

0-0527 

1 20-21 

10 

0-03G7 

j 2G-94 

17 

0-0272 

1 3G-G0 

2S 

0-0182 

1 

1 55-60 

0 

1 

0-001 10 

1 " 

Trace. 

1 

0-00045 

rViV. 

“ i 

0-00083 

rViY. 

11 1 

O-OOOGO 1 

Traep. 


the amount of carotene fctl -"k must nature no account was taken of 

Ihe total amount in the iin.r ft- l‘0'vevcr have been at least 30 mg. to 40 me 

"S'ttt rr"' ^-'perS^fo?? '"‘f 

«iule tile blue unit rose from 1 1 -fis fo i7-9 ^ ^ ot liver to 

- aZ„r^rt 5 

•init value anrl .-t- Jhis probably accounted for the low initial blnf 

become transfomed ' iJtTe^ carotene had not had sufficient time to' 

preparatory to its transfn intermediate compound 

carotene were infectern-n ' experiment III “4 2 

21 hours later In HW ^^Oneous suspension intravenously and the animal kilhS 
iater. In this experiment the total carotene recovered in the Hver ^ 
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51 '45 per cent, tlie initial concentration of carotene was relatively higher, 
0‘086 mg. per gramme and the blue units 14 ’6 per gramme of liver tissue. By the 
28th day it will be seen that the carotene concentration per gramme of liver has 
fallen to 0'018 mg., while the blue units have risen to 55’66 per gramme of tissue. 
Experiments IV and V with rats were negative although a slight fall in carotene 
was observed. This is in keeping with the observation of Eea and Drummond 
[loc. cit.) and Ahmad {he. cit.) who failed to obtain evidence of the transformation 
in rat livers. The former suggest, however, the advisability of repeating the 
experiments on the livers of herbivorous animals, a suggestion which has been 
justified by the experiments recorded here. It would appear that an enzyme 
or enzyme system is responsible for the transformation as the liver cells cease to 
live in the anaerobic process of autolysis. 

Conclusions. 

1. The liver appears to be capable of transforming carotene into vitamin A 
during the process of aseptic autolysis. 

2. An enzyme is probably responsible for this reaction. 

3. There is no evidence that the spleen or kidney can effect such a 
transformation. 
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THI-: EFFECT OF C'OOKIXC AND .vroEACE ON THE VITiiMIN-C 
CONTENTS OF FOODSTUFFS. 


(IV 


.\r. N. DUDE A. 

{From the Department of Muhcal Chvmit-tnj, Pnnee of Wales Medical 

C'olliiji’, Patna.) 

[Ucccivcil for [mlilioAtioii. J.imiary 18, 1937.] 

Altuouok in rocenfc ycar.s tlio vitaniin-C contents of natural foodstuffs of 
India, botli animal and ve^'etahle, have Iteeii assayed by a number of investigators, 
very little work appears to have been done on the effect of cooking on the vitamin-C 
contents of these foodstuffs. Chakraixirty (Itfid) has studied the effect of boiling 
on the vitainin-C content of milk and has found that boiling once reduces by half 
the vitamin-C content of milk. I’al and Oiilia (1937) have made a nutritional 
study of .some cooked Jiengaleo dietaries witliout going into the question of the 
vitainin-C content of the.se dietaries. Chakraborty and Eoy (1936) have made 
a study of the e.xcretion of vitamin C in the urine of two healthy Bengalees on 
diets differing widely in their protein and fat contents in the form of meat and 
casein and butter, but made no assay of \ itamin-C content of these cooked dietaries. 
This, in the opinion of the present autlior, i.s very essential in such a study, since 
the amount of ascorbic acid ingested daily varies widely with the form of the diet. 

It has been shown by the author (Eudra, 1936) that the vitamin-C content 
of fruits and vegetables gradually diniinislies on storage, the decrease in con- 
centration starting at the skin. Eanganatlian (1935, 1936) also has studied the 
effect of storage at room tcmperatiu-es on the vitamin-C content of fruits and 
vegetables. Ghosh and Cuba (1936) have studied the effect of storage at 0°C. 
on the vitamin-C content of some food materials. 

Object of the pbesent investigation. 

. In the present investigation tlie effect of cooking and storage under refrigera- 
tion on the vitamin-C content of both animal and vegetable foodstuffs has been 
studied. Such a study is important from the nutritional point of view as many 
vegetables are cooked before they are eaten, especially in India, and animal foods 
are eaten only after cooking. The use of electrical refrigerators in the home has 
grown and many foodstuffsi. arB_now_stQrecLunder. refrigerationJififore use. 

( 89 ) 
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IXFrAJKXCI*: OF irrSTAMfXF AXD ACF'l'YL-CHOLJNF 
OX IXTFS'l’IXAL MOVEMFXTSY 


BY 

]{. T. KlilSlIXAX, M sc., n.A., mb, 

/Voji ssor of P/iijsiohif/ii. Mulual Colhgr. Mmlias. 

(I!i(in(il fur luililii itioii. Af in li Jl, 19!7] 


In view of tlic po^^lljilities of the forni.ition of histamine and acetyl-choline 
in llie w.ill of the ^.I'-tro-intc'.tiii.il tr.ut in sin.ill or lar^e quantities and in vieM' of 
the ther.ipeiitic v.iliie of .icetyl-choline in cases of paralysis of the intestine, a 
tlioroiigli iiivestijf.itioii of the in.ture of their .ictions on the bowel seems necessary. 

the invc.sti'j.ition so far carried out docs not seem to be very exhaustive 
particularly in the case of .ic etyl-clioline, it was considered worth while to 
examine the efiects of these substaiiccs on the small intestine as a continuation of 
the work alre.idy carried out by the author (Krishnan, 1932-1931) on intestinal 
movements. 

The influence of hist. inline and acetyl-choline on the movements of the small 
intestine was studied in aliout 2.'> cats and 2 dogs by either injecting the drugs 
intravenously into chlor.ilosed animals and observing the effects on the movements 
of the intact bowel iccorded by the balloon method or by adding the drugs to the 
hath of oxygenated Locke’s fluid maintained at 38°C. in which the excised segments 
of small intestine were su.spended and noting the effects on the movements recorded 
by Brodie’s lexers attached by thiead to the upper ends of the segments. 

Hhtamine . — It xvas Dale and Laidlaw' (1910) who first observed that large 
doses of histamine given intravenously caused vomiting and purging in cats and 
that small strengths of 1 in .bOO.OOO caused stimulation of an isolated segment of 
the jejunum xvliich was not abolished by atropine. Olive Crona (1920) reported 
that large doses of histamine caused inliibition of the tonus and the rhythmical 
contraction of the small intestine in cats after an initial transient increase in tonus. 
Ivy and Vloedmann (1923) found no effect on the stomach and the intestine of 
dogs after small intravenous doses of histamine. Gasser (1926), Bishop and 
Kendajl (1928), Gruber and Eobinson (1929). all reported stimulating effects of 
histamine on the bowel. Mackey (1930) found the effect of histamine most marked 
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in tlie ileum and noted that a strong initial contraction was followed by inhibition 
and^ later there was recovery sometimes with increased tonus. Atropine 
dimirdshed but did not abolish the histamine contractions. Bernheim .(1931) 
found in guinea-pigs that the decrease brought about by atropine in histamine 
contractions was inversely proportional to tlie ratio of histamine to atropine 
and concluded with Blockson (1932) that the action of histamine is both 
on the smooth muscle and on the para.sympathctic nerve-endings. Tidmarsh 
(1932) reported that histamine in intravenous doses of J mg. to ^ mg. jnoduced 
motor response in all parts of tlie large intestine of cat and that atropine in doses 
of 2 mg. reduced but did not abolish such responses. 

In my experiments, histamine given intravenously into chloralosed cats in 
doses of 0-2 mg. to O'b mg. or added in doses of 1 mg. to 6 mg. to a bath of 
oxygenated Locke’s fluid (100 c.c.) in which excised segments of small intestine 
were suspended, caused contractions in a motionless bowel or augmentation of 
movements already present in the bowel. In some cases of intact bowel there 
was a delay of 1 to 2 minutes after injection of histamine before the stimulating 
effect on the bowel could be noticed. These contractions were often followed by 
complete relaxation both in the intact and the isolated bowel for short or long 
periods and later there was recovery of tonus. These results more or less confirm 
the observations already made by Olive Crona and hlackey. Histamine was found 
to have an equal stimulating effect on all parts of the small intestine both in the 
intact and the isolated bowel. This finding does not corroborate Mackey’s 
observation that the action of histamine is most marked in the ileum. With 
larger doses of histamine, contractions of the isolated bowel were stronger but 
slower. Atropine following histamine in equal or less quantity caused definite 
inhibition of the contraction.^, and after a short interval the contractions were 
resumed both in the intact and the isolated bowel. The effect of atropine was 
not a decrease in the strength of contractions as reported by Mackey, Bernheim, 
and Tidmarsh but a complete inhibition of the tonus and relaxation. The finding 
of Dale and Mackey that atropine does not abolish histamine contractions of 
excised segments is not borne out by my results. After the inhibition brought 
about by the first dose of atropine, subsequent larger doses of atropine had 
sometimes a stimulating effect. When histamine was administered after atropine 
the results were varied. When inhibition was present after atropine (1 mg.), 
histamine (0'2 mg.) caused contractions, while 0‘5 mg. of histamine caused relaxation 
of the bowel which was contracting rhythmically after 3 mg. of atropine. 
Histamine also inhibited the stimulating action of barium chloride. 

The above results corroborate the view of Bernheim and Blockson that his 
histamine has its action not only on the smooth muscle of the intestine, but also 
on the parasympathetic nerve-endings in the wall of the intestine. This would 
mean, according to the humoral theory, that histamine is responsible for the 
liberation of acetyl-choline which will have a further stimulating effect on the 
intestinal muscle and the action of atropine added would be to neutralize- the 
effect of acetyl-choline formed. The finding that large doses of atropine caused 
augmentation of the contractions is in support of the observation made by Magnus 
that in animal experiments large quantities of atropine tend to increase the 
peristalsis from some action exerted on the Auerbach’s plexus and Cushny s 
statement that this increased peristalsis may possibly account for the voipitmg; 
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similar increase in tonus and amplitude of contractions, but there was no initial 
depression observed in the intact bowel nor any periodical variation in tonus and 
rhythmical contractions. Addition of larger doses, 0-25 mg. or more, caused 
contractyure of the segment of intestine. A previous dose of eserine increased the 
stimulating effect of acetyl-choline and a dose of atropine following acetyl-choline 
abolished the effect. 

The fact that acetyl-choline acts as a stimulant to the intestinal muscle has 
been well established by the previous observers and is also borne out by the results 
of my experiments. But that there is an initial depression in the intact bowel and 
not in the isolated bowel, varying in duration according to the strength of the 
dose, has not been mentioned in the literature available so far. This depression 
is more pronounced after vagal section. In view of the recent findings of Beldberg 
and his co-workers (1934, 1935) that acetyl-choline is formed not only in the medulla 
of the suprarenal gland but also in all the sympathetic ganglia and is responsible 
for the adrenaline output and the stimulation of the post-ganglionic sympathetic 
fibres, this depression of the intestinal movements is easily explained as due to tbe 
sympathetic effects and adrenaline production caused by the dose of acetyl- 
choline injected. The depression is later overcome by the direct stimulating effect 
of acetyl-choline on the intestinal muscle. The more pronounced depression that 
resulted, when acetyl-choline was injected after tbe severance of the vagi, can be 
explained as due to the loss of vagal tone and the unopposed action of the 
sympathetic and the adrenaline produced. 

In view of these observations, it is to be expected that, when acetyl-choline 
is used as a therapeutic agent, there will be an initial depression of the movements 
and some delay before the stimulating effect is obtained. 

In carrying out the experiments on the intact bowel, the carotid blood 
pressure was also recorded. Smaller or larger doses of acetyl-choline caused a 
fall of blood pressure. The reversal effect on blood pressure after atropine was 
observed only when larger doses of acetyl-choline were given. After 1 mg. atropine 
0‘02 mg. of acetyl-choline was not effective but 0'2 mg. to 0'4 mg. of acetyl- 
choline caused a rise of blood pressure. These results are only in confirmation 
of the observations already made by Dale, Feldberg, and others. The rise in blood 
pressure is found to be very little or absent if the acetyl-choline is preceded 
by atropine and ergotoxin, showing thereby that, when the vaso-constrictor fibres 
of the sympathetic are put out of action by ergotoxin, the reversal effect of acetyl- 
choline on blood pressure after atropine is not seen. 

Summary. 

1. The stimulating effects of histamine and acetyl- choline on the small 
intestine observed already by various workers are confirmed in cats and dogs. 

2. It was found that histamine has its stimulating effect on all parts of the 
small intestine intact or isolated to the same extent and that atropine ^ caused 
definite inhibition for short or long periods both in the intact and the isolated 
bowel. These results do not corroborate Mackey’s observation that the action 
of histamine is most marked in the ileum and the findings of Dale and Mackey 
that atropine does not inhibit the stimulating action of histamine on excised 

segments. 
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3. Histamine is found to have its maximum stimulating effect when the 
tone of the muscle is low by its direct action on the muscle and by its stimulating 
effect on the parasympathetic nerve-endings causing thereby production of acetyl- 
choline which is also a stimulant to smooth muscle. 

4. As in the case of histamine, acetyl-choline is found to have its stimulating 
effect on all parts of the bowel and not only on the lower part of the intestine in 
cats as observed by Bernheim. 

5. There is an initial depression or inhibition of the movement of the intact 
bowel before the motor response appears after the injection of acetyl-choline. 
This observation is not found in the literature available so far. The initial 
depression or inhibition is considered to be due to the adrenaline output and 
e.xcitation in the sympathetic ganglia caused by the acetyl-choline injected. 

6. It is pointed out that, w'hen acetyl-choline is used as a therapeutic agent, 
some delay is to be expected before the stimulating effect is obtained. 

7. The reversal effect on blood pressure after atropine was obtained with 
larger doses of acetyl-choline as already observed by Dale, Feldberg, and others. 
The rise of blood pressure was very little or absent when both atropine and 
ergotoxin were injected previously. 
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Epidemic dropsy is very common among the rice-eating population of 
Bengal. A number of outbreaks has occurred and each epidemic brings forth 
its own peculiarities ; cases of one year greatly differ in severity, signs, and 
symptoms from those of another year. Among the varied features of the diseases, 
primary glaucoma, of late, has attracted much attention. Glaucoma associated 
with, epidemic dropsy was first described by Maynard (19t)9) in a report of 100 
cases which occurred during the outbreak in tiie year 1908-09. Mukherjee 
(1927) made observations on 253 cases in Bengal. During the outbreaks in 1929, 
1930, 1932. and 1933, quite a large number of cases of glaucoma occurred ; 325 of 
these patients from different parts of Bengal were treated by Lieut.-Colonel 
Kirwan in the Medical College Hospitals, Calcutta. 

The glaucoma associated with epidemic dropsy is of the primary non- 
inflammatory type. Increased intra-ocular tension usually occurs as a late 
manifestation of the disease, but in the epidemic of 1932-33 quite a lar^e 
number of cases of glaucoma was seen with slight or no other general signs of the 
disease. 

The outstanding feature of this variety of glaucoma is the extremely high 
tension, rarely below 50 mm. of mercury. Tensions varying from 70 mm. to 
100 mm. are quite common. In the Eye Infirmary of the Medical College 
Calcutta, Kinvan (1936) treated a number of cases of glaucoma of this kind 
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by sclerocoxneal tiepbining (Elliot’s operation). The aqueous humour escaped 
under pressure and 0'25 c.c. on an average was collected and sent to this 
laboratory for biological testing. It is a curious fact that the toxin occurring 
in epidemic dropsy shows a special predilection for the intra-ocular capillary 
endothelium along with the general endothelial system of the body. Since the 
lesions manifested were of the same nature as those observed with histamine 
and_ allied substances, endeavour was made to demonstrate the presence of such 
bodies in the aqueous humom- removed by operation. 

Expeuimental. 

The experiments were carried out in Dale’s perfusion bath. Isolated strips 
of rat’s uterus (virgin) were perfused in the usual way with oxygenated Fliesch’s 
solution and the movements were recorded by means of optical as well as ordinary 
isotonic levers. The quantity of the fluid removed by operation being very small, 
it was difidcult to demonstrate the presence of any active substance by ordinary 
methods. By means of the optical systeih the element of inertia could be greatly 
eliminated and it was possible to record the movements on a magnified scale. 
The fluid removed from the anterior chamber of glaucomatous eyes of epidemic 
dropsy when added to the bath showed relaxation of uterine musculature (see 
Plate VII, figs. 1 and 2). This phenomenon was observed in only seven cases 
out of 23. It may be observed here, however, that in a number of these cases, 
especially those examined in the beginning, the quantity of the fluid obtained was 
so small that no definite reactions could be obtained, especially as the optical 
system of recording had not yet been developed. In spite of this, definitely 
positive results were obtained as those depicted in Plate VIl, fig. 3. The 
concentration of a histamine-like body in the aqueous humour in the two cases 
tested in Plate VII, figs. 1, 2, and 3, worked out to be in the neighbourhood 
of 1 in 1,000,000. 

After the above findings, six control experiments were carried out with the 
aqueous humours from non-glaucomatous eyes by exactly the same technique ; a 
negative result so far as the presence of a histamine-bke body is concerned was 
obtained in every case. These cases were selected as controls in order to eliminate 
the possibility of histamine being present as a result of injury to tissue during 
operation. The results of experiments are tab\ilated below. It is regretted that 
owing to very great difliculty experienced in obtaining snflicient quantity of 
aqueous humour in non-glaucomatous cases the full number of 23 control cases 
could not be done. 



Positive 

result. ' 

! 

Negative 

result. 

i 

Total. 

Glaucoma of epidemic dropsy . . 

7 

16 


Normal cases 

Nil 

: 6 

6 
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xVqueous lumiours of epidemic dropsy gJaucoma cases were also analysed for 
their protein content. The number of cases studied was eight only, the resets of 
which are given below. For comparison six normal cases were also studied. 


1 

1 Albumen 

1 in g., 
per cent. 

I Globulin 
in 8: 

> per cent. 

Total 
proteins 
itig., 
per cent. 

Globulin 
to albumen 
ratio. 

1 

Average for aqueous humour ' 0*023 j 

j 

0*010 

0-0310 

0-450 

of epidemic dropsy case.s. 




Average for aqueous humour i 0-0042 j 

0-0101 

0-0143 

2-701 

of normal cases. 

1 

1 


i 



From the above, the albumen to globulin ratio in the aqueous humours of 
normal subjects is found to be 0'44, whereas it became 2'3 in cases of epidemic 
dropsy glaucoma. The total amount of globulin does not, however,_ materially 
change. The albumen, therefore, increases more than five times in aqueous 
humour in epidemic dropsy as compared with normal. Besides this, in a number 
of cases of glaucoma of epidemic dropsy we found by methods of biological 
testing some other substance present in the aqueous humour which is not 
ordinarily found in this fluid. That this substance is histamine or a histamine- 
like body may be imagined from the similarity of the pharmacological action. 
)Such substances, whatever may be the source of origin, gain entrance into the body, 
circulate in the system in sufficient concentration as to cause vascular disturbances 
which upset, in some way, the normal function of the capillaries. The increased 
permeability which results leads to the escape of protein and fluid in the tissue 
space. This glaucoma of epidemic dropsy is apart of the generalized capillary 
disturbances such as those manifested in the skin and other organs (Chopra et al., 
1935). The increased pressure is due to the dilatation of the capillaries of the 
uveal tract, followed by an altered permeability of the endothelium as a result of 
damage by histamine or a histamine-like body. This leads to an increased 
output of fluid in the anterior chamber of the eye together with leakage of the 
substance which causes the damage. The altered permeability further helps the 
passage of protein bodies into the anterior chamber. The albumen should evidently 
pass out more freely because of the smaller dimension of the molecules. Once 
the albumen is there, it increases the osmotic pressure and helps to drain the fluid 
further into the anterior chamber. All these facts aggravate the symptoms of 
glaucoma in epidemic dropsy. 

The pathologic process of the other varieties of primary glaucoma is probably 
different from that associated with epidemic dropsy. 

Summary. 

Aqueous humour from 23 cases of glaucoma produced in epidemic-dropsy 
method was examined on the isolated rat’s uterus in the Dale’s perfusion bath. 
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In seven cases out of 23 definite liistamine-Idce effects were obtained such as that 
represented in Plate VII. Fluid from six normal cases gave negative results. 
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FrOiM a study of the changes in the physical properties of the blood sera of 
opium addicts Chopra et al. (1935) found that the pseudoglobulm fraction was 
considerably diminished while a rise in the euglobulin fraction occurred. Froni 
Chick’s (1914) observations that euglobulin is an adsorption compound of 
pseudoglobulin with lecithin they thought it probable that tlie increased 
euglobulin formation necessitated a drainage of lecithin from the nerve cells, thus 
accounting for the degeneration of the nervous tissues observed in opium addicts. 
From a cytopathological study Ma (1932) found the Golgi apparatus in the tissue 
cells of the addicts to be altered from the normal in as much as, unlike the normal 
subjects’ cells, these do not take the neutral red stain. The administration of 
lecithin which has been found by him to cure the withdrawal symptoms enables 
these cells to take this stain and to come back to their normal conditions. All 
these point to a disturbance of lecithin balance in the system. 

As the two lipoids, lecithin and cholesterol, are more or less intimately 
associated in the system, especially in the blood, and as they sometimes may have 
antagonistic action, we took up this investigation with a view to determine the 
lipoid contents of the blood of addicts Avhen they are taking the usual doses of 
opium, during abstinence and again during and after the usual course of lecithin 
treatment when the withdrawal symptoms have disappeared. 
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_ The first difficulty we encountered was with respect to the method for the 
estimation of lecithin in the blood. We tried some of the well-known techniques 
but these failed to yield reliable results in our hands. After repeated trials we 
succeeded in evolving out a technique which gives very satisfactory results. 
The details of this procedure are discussed elsewhere (Chopra and Roy, 1936), but 
for the sake of convenience a bare outline is given here. 

An accurately measured amount of the blood (say 1 c.c.) is extracted by means 
of alcohol-ether mixture according to Bloor’s technique (1918). A measured 
amount of this filtered extract (10 c.c.) is then transferred to a 8" X 1" Pyrex test- 
tube and evaporated to dryness in a boiling water-bath. One c.c. of a mixture 
of seven parts concentrated sulphuric acid and three parts of nitric acid are then 
added and the tube is immersed in a glycerine bath, which is set at around 180°C. 
and heated until no more nitrous fumes are observed. At this stage Merck’s 
perhydrol is added slowly from a pipette, a drop at a time. Usually four to five 
drops suffice. Heating is continued until all water vapour is driven 'off and all 
traces of ‘ perhydrol ’ are removed. The mixture after digestion should be 
perfectly clear. It is then transferred completely to a test-tube 7" x §" graduated 
at 15 c.c., 20 C.C., and 25 c.c. by two lots of 5 c.c. distilled water. Into another 
similar test-tube, 5 c.c. of the standard phosphate solution containing 0‘05 mg. 
of phosphorus and 5 c.c. of distilled water and 0‘5 c.c. of concentrated sulphuric 
acid are placed ; then to the standard and unknown, 1 c.c. of 5 per cent ammonium 
molybdate solution and 1 c.c. of the hydroquinone solution (0‘5 per cent 
hydroquinone in 15 per cent sodium bisulphite) are added mixed and the tubes 
are placed in a boiling water-bath for ten minutes. The tubes are then removed, 
cooled, proper dilutions of the standard and the unknown are made and compared 
in a colorimeter. 

Cholesterol was determined according to the method of Myers and Ward ell 
(1918) but, instead of plaster of paris, we used silica powder for the absorption of 
blood as suggested by Foy and Kondi (1935). 

In most of the cases we made a determination of the morphine contents of the 
urine of addicts at all the different stages mentioned before and for a few days after 
the discontinuation of the lecithin treatment. The figures are not strictly 
quantitative, but they serve to give us a rough idea of the amount of morphine 
excreted in the urine. 


Discussion of the results. 

From the Table it would appear that the values for lipoid phosphorus during 
addiction to opium vary from 9 '3 mg. to 11 ‘7 mg. per 100 c.c._ blood, 
about the same for a number of normal individuals, the variations in the latter 
case being from 9'8 mg. to 11 ‘9 mg, per 100 c.c. blood. In this connection we 
would like to point out that this range is somewhat lower than the values oMamed 
with respect to Europeans and Americans (12 mg. to 14- mg. per 100 c.c. blood). 
Whether this is due to a difference in the techniques employed or to any 
or climatic factor, we are at .present not in a position to hazard an opinion. ^ ine 
■fact that the blood lecithin after years of addiction to opium is not appreciably 
affected does not appear to us to be unusual and this is what one would , expect. 


{ 



li. iV. CJiO'pm and A. G. Roy. 


107 


The system tries to maintain its essential blood constituents at a more or less 
constant level. Any excess of any of these is removed either by excretion or dealt 
with in some other way and any depletion is made up by drawing upon other 
sources. That there is a degeneration of nervous tissues in opium addicts has 
been observed by several workers. J t is probable that the requirement of lecithin 
for the formation of increased euglobuliu in the plasma is furnished by the nerve 
cells which in consequence become more or less depleted of lecithin. As a 
consequence we should expect some rise in the lecithin content of the blood but 
the figures that we have obtained do not show any appreciable increase. This 
may be due to the fact that the increase in the euglobulin is so small that it does 
not make any appreciable difference in the total blood-lecithin content, although 
the amount may be quite sufficient as to produce changes in the nerve cells. 
In the majority of cases, there is a rise in the lecithin content during the withdrawal 
period. It is jrrobable that this apparent increase ma.y be due to a certain amount 
of anhydroeraia which is known to follow the withdrawal of opium as a result of 
perspiration, excessive salivation or diuresis Avhich constitute part of the withdrawal 
symptoms, or as a result of purgatives administered to relieve the .withdrawal 
symptoms. During and after lecithin treatment there is always an appreciable 
increase of blood lecithin which perhaps returns to the normal level after the 
injury to the nerve cells has been made good. It may also be observed that the- 
daily dose of opium which the addict takes as also the duration of addiction has 
no marked effect upon the lecithin content of the blood. 

The variations in the cholesterol content are more irregular at all the different 
stages mentioned above. In some cases during abstinence there is a marked fall 
in the cholesterol content, while in a few instances there is even a slight rise. 
Barbour, Hunter and Richey (1929) have shown that there was a diminution of 
water content of the; liver, hi case of addiction to morphine which is more or 
less restored on withdrawal. This alteration in the water content of the liver is, 
however, likely to bring about certain changes in its function, especially in the 
secretion of the bile which serves as a means of excretion of cholesterol. On 
withdrawal, the water content of the liver tries to regain its initial value and there- 
fore the liver probably begins its bile secretion in an efficient manner, thereby 
assisting in the elimination of cholesterol to a greater degree. This may help to 
dimim'sh the blood cholesterol content. Moreover on the commencement of the 
withdrawal the addict becomes suddenly run down. He loses his appetite and 
eats very little. His state of general health becomes suddenly so bad for the time 
being that in some cases there is every likelihood of collapse, if proper precautions 
are not taken. In conditions of cachexia or reduced vitality again hypocholesterol- 
semia is found to occur as shown by Bloor (1916), Denis (1917), and various other 
workers. Then again there is a certain amount of anhydrsemia consequent upon 
withdrawal and this will tend to raise the cholesterol content. It is likely that 
the cholesterol content of the blood is determined by the preponderance of one or 
other of these factors. The irregular blood cholesterol contents may thus find an 
explanation from the point of view of the complex factors influencing its concentra- 
tion. The cholesterol figures taken as a whole fall within the normal range for 
Indians as determined by Boyd and Roy (1929). 

With regard to the excretion of morphine in the urine, it appears that morphine 
could be detected in the urine for four or five days after the taking of the last dose 
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but tlie amount of morphine excreted seems to bear no relation to the dosage or 
to the duration of addiction. Sometimes with a comparatively smaller dose, the 
amount excreted is very significant ; on the other hand, when a much bigger daily 
dose is continued for a longer period, no appreciable morphine is found to be 
excreted even during the first few days. AVe intend to deal with this aspect of the 
problem more fully in a subsequent communication. 


Table. 


Date. 

Name. 

Daily close in 
grain.s and 
duration of 
addiction. 

Lipoid P 
in mg. 
per 100 
c.c. 

Cholesterol 
in mg. per 
100 c.c. 

Stage 

when 

exami- 

nation 

made. 

Ueine 

UEl'ORTS. 

Date. 

Jlorphino 
content, 
mg. per 
cent. 

5-9-36 

B. Singh 

33, 3 years 

10-7 

109-0 

D. A. 

. . 

• . 

7-9-36 



10-8 

85-7 

D. W. 

•• 

•• 



140, 8 years 

9*8 

1 

160-0 

D. A. 

* • 

• . 




11-9 

i 


A. T. 


•• 

11-9-36 

N. Singh 

108, 9 years 

1 

11-3 

1 

192-0 

D. A. 

. . 

•• 

13-9-36 



11-3 

150-0 

D. tv. 

14-9-36 

0-3 

1 

1 


1 

1 




ie-9-36 

Nil 

16-9-36 

1 

1 

12-5 

150-0 

A. T. 

18-9-36 

Nil 

15-9-36 

M. Singh 

1 

45, 8 jears 

10-1 

104-3 

D. A. 

15-9-36 

2-5 


! 




i 

16-9-36 

0-5 

18-9-36 



10-4 

106-6 

D. W. 

18-9-36 

0-7 

21-9-36 



ir3 

100-0 

1 

D. T. 

19-9-36 

Nil 

25-9-36 



13-4 


A. T. 

21-9-36 

Nil 

21-9-36 

R. Singh 

45, 8 yeais 

11-3 

111-9 

]). A. 

21-9-36 

1-0 

23-9-36 



12-5 

109-0 

D. T. 

22-9-36 

0-7 







21-9-36 

0-5 







25-9-36 

A trace. 



j 




26-9-36 

Nil 
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Daf^. I X.imu. 


I), lily do.'o in 
^'niiiiM .iiul 
(liir.iti'iii of 


20-9-30 >r. U im -10, .I ye.im 




6-I0-3.J 

8-IO-3C 


29-9-30 A. Singh i 00, 1 years 10-4 

! i 

h-lO-30 ' ! 11-0 

1 

f 

5-10-30 ‘ I 12-8 

8- 10-30 ! 12-7 

1 ^ ^ ““ 

9- 10-30 j A. Khan 120, 12 years 11'4 

11-10-30 1 12-0 


15-10-36 

17-10-30 


9-10-30 G. Sing 
31-11-30 
15—10—30 
17-10-36 


90, 5 years 


I 

j Lipoul P 
in mi;, 
j per 1(M> 
e.c. 

Cholesterol 
in mg. per j 
100 c.c. 

Stage 

ivhcn 

exami- 

nation 

made. 

11-7 

1 

120-0 

D. A. 

11!) 

138-7 

D. W. 

11-9 

165-5 

D. T. 

12-1 

1 

1 

133-0 

A. T, 

10-4 

1 

D6-0 ' 

D. A. 

1 

! 110 

1 

i 

90-0 

D. W. 

1 

1 

j 12-8 

ltC-0 

D. T. 

* 12-7 


A. T. 

11-4 

. . 

D. A. 

120 

104-3 

! 

1 

j 

D. W. 

11-9 

1 

) 

I 

i 100-0 

D. T. 

11-9 

1 111-6 

A. T. 

110 

j 141-0 

D. A. 

11-9 

; 126-3 

D. W. 

12-5 

' 160-0 

D. T. 

11-9 

1 138-7 

1 

A. T. 


UniVE ItEPORTS. 


Morphine 
content, 
nig. per 
cent. 


29- 9-30 

30- 9-30 

1- 10-36 j 

2- 10-36 

3- 10-36 i 
5-10-36 
0-10-36 


30-9-36 2-5 

1-10-36 A trace. 


I fo 
I 6- 10-30 


to 

17-10-36 


9-10-30 
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Table— oowffZ. 



! 

1 



Stage 

UniNB REPORTS. 


1 

Daily dose in 
grains and 
, duration of 
addiction. 

Lipoid P 
in mg. 
per 100 
c.c. 




Date. 

Name. 

Cholesterol 
in mg. per 
100 c.c. 

when 

exami- 

nation 

Date. 

^Morphine 

content. 





made. 

mg. per 








cent. 

5-11-36 

B. Singh 

95, 5 years 

. 9-3 

150-0 

D. A. 

6-11-36 

A trace. 

7-11-36 

1 

1 

10-6 

120-0 

D. W. 

7-11-36 

A trace. 

10-11-36 

1 


10-6 

104-3 

D. T. 

9-11-36 

A trace. 

16-11-36 



11-0 

192-0 

A. T. 

lOr-11-36 

Nil. 

6-11-36 

1 

J. Patro I 

45, 20 years J 

10-0 

141-1 

D. A. 

6-11-36 

A trace. 

7-11-36 


1 

10-6 

107-1 

D. W. 

7-11-36 

A trace. 

10-11-36 , 


1 

1 

IM 

133-3 

D. T. 

9-11-36 

A trace. 

16-11-36 1 

1 

i 

12-5 i 

104-3 

A. T. 

16-11-36 

Nil. 

18-11-36 ' 

J. Singh 

1 

96, 15 years 

10-7 

. . 

D. A. 

18-11-36 

A trace. 

19-11-36 1 


1 

11-1 

1 

.. 

D. W. 

19-11-36 

Nil. 

1-12-36 


1 

1 

10-8 1 

1 

. . 

A. T. 


Nil. 

1 



1 



to 


1 

1 


1 

1 

1 



26-11-36 


i 

25^11-36 1 

A. Singh 

60, 9 years 

9-6 

• • 

D. A. 

26-11-36 

0-3 

27-11-36 



I 12- 1 

135-5 

D. W. 

27-11-36 

0-5 

1-12-36 ! 



10-3 

150-0 

D. T. 

30-11-36 

0-5 

7-12-36 ' 



12-0 

133-0 

A. T. 

1-12-36 

A trace. 

1 

1 


j 



2-12-36 

Nil. 







7-12-36 

Nil. 

27-11-36 

S. Singh 

80, 12 years 

9-3 

92-0 

D. A. 

26-11-36 

28-11-36 

0-3 

A trace. 

30-11-36 



9-0 

100-0 

D. W. 

30-11-36 

to 

Nil. 







2-12-36 


1 

4-12-36 


1 

9-6 

100-0 

D. T. 


• - 
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Table— concld. 




Daily dose in 
grains and 
duration of 
addiction. 

i 

1 

Lipoid P 
in mg, 
per 100 
c.c. 


Stage 

Ubikb eepokts. 

Date. 

Name. 

Cholesterol 
in mg. per 
100 e.c. 

when 

exami- 

nation 

made. 

Date. 

( 

( 

1 

Morphine 
content, 
mg. per 
cent. 

30-11-3C 

j 

R, Ram 

80, 14 years 

lO-S 

t 

169-0 

D. A. 

1 

1-12-36 j 

0-7 

2-12-30 



11-4 

140-0 

D. W. 

1 

2-12-36 ' 
1 3-12-36 

0-3 

0-1 

4-12-30 



12-5 

148-0 

D. T. 

4-12-36 

iVii. 




! i 

j 1 



0-12-36 

‘ iViL 

9-12-30 

If. Singh 

90, 12 years 

1 

10-1 

i 

120-0 

i 

D. A. 

. 

10-12-36 

i 

1-0 

10-12-30 

1 


10-S 

129-7 

D. IV. 

12-12-36 

14-12-36 

0-5 

0-5 

17-12-30 


‘ 

11-3 

109-0 

D. T. 

15-12-38 

0-5 

21-12-36 


j 

1 

12-5 

102-8 

A. T. 

17-12-36 

to 

23-12-36 

Nil. 


D. A. = During addiction. D. T. == During treatment. 

D, W. = ,, withdrawal. A. T. — After treatment. 


•SUMIURY AND CONCLUSIONS. 

(1) In the majority of cases the blood -lecithin contents of opium addicts have 
normal values. 

(2) There is an increase of the lecithin content during and after the course of 
lecithin treatment and in the majority of cases during abstinence as well. 

(3) The cholesterol figures are somewhat irregular and seem to bear no direct 
relation to the actual condition of the addict or to the lecithin content. On the 
■whole the figures are within the normal range for Indiails. 

(4) Morphine is usually detected in the urine for four or five days after the 
taking of the last dose. The amount of morphine excreted seems to bear no 
relation to the amount of daily dose and to the duration of addiction. 
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Levy and Boyer, 1928 ; Kanao, 1928 ; Roller, 1926 ; Piness, Miller and Alles, 
1930 ; Hartung and Munch, 1929, 1931 ; Guggenheim and LoAher, 1915 ; Buck, 
1932 ; etc.). The majority of these compounds have also been subjected to 
careful pharmacological examination with a view to the elucidation of the 
relationship which might exist between the chemical structure and the physio- 
logical behaviour of these compounds (Chen, Wu and Henrilrsen, 1929 ; 
Chen and Chen, 1933 ; Swanson, 1932 ; Curtis, 1929a ; Tainter, 1933a ; Gunn 
and Elphick, 1934 ; Barbour, 1916 ; Epstein, Gunn and Virden, 1932 : Hiort, 
1934a and h ; etc.). 

The present communication concerns itself with a study of 13 amines (listed 
in Table I) which are either homologues of ephedrine or closely related to 
it in chemical composition. Some of th^e compounds have already been reported 
upon by previous investigators, though not from identical viewpoints. A few 
appear to be studied for the first time. These include six primary amines which 
may be considered as derivatives of ^-phenyl-ethylamine (C 6 H 5 .CH 0 .CH 2 .NH 2 ), 
four secondary amines including ephedrine, two tertiary amines, and one 
quaternary ammonium halide. Practically all the compounds are synthesized 
at the suggestion of Prof. B. E. Read either in the Peiping Union Medical 
College or in the Yenching University, Peiping.' The methods and details have 
been published elsewhere (Feng and Wilson, 1930 ; Feng, 1932 ; Wilson and 
Sun, 1934). Phenylaminopropanol (racemic) has been obtained from Messrs. 
Sharpe and Dohme, Baltimore. Natural l-ephedrine, isolated from Chinese 
ephedra, ‘ Ma Huang has been used throughout. 


Methods. 

A number of experimental methods have been employed in the study of the 
so-called ‘ sympathomimetic ’ amines. The study of the blood pressure is the 
conventional method and has been most widely employed ; though not ideal 
from all points of view, it affords one of the best indices of activity of substances 
belonging to the amine group. The response is fairly constant and is sensitive 
enough to allow a quantitative appraisal of even very closely related substances 
by direct measurement of the effect produced. Combined with the methods of 
atropinization, ergotization, and cocainization, this method can further be utilized 
for a critical analysis of the mechanism of action as well. The hyperglycemic 
activity of these amines has recently been utilized by Anderson and Chen (1934) in 
their quantitative evaluation. The efiects on isolated smooth muscles have been 
largely employed as a qualitative test, mostly to supplement the information 
already obtained by the pressor method. In the rather extensive literature on 
ephedrine and allied compounds, very few references are available where a 
quantitative comparison based on the response of the smooth muscle-organs has 
been attempted. One of the most important effects of the ephedrine group of 
bodies being on the smooth muscles of the body, it appears desirable that more 
information with regard to the degree of action be obtained. This study has been 
undertaken primarily with the above object in view. The changes in physiological 
action incident upon the alteration in the chemical constitution have also been 
noted and the correlation between them, as can be deduced from the more 
sigi^cant results, will also be pointed out. 
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Methyl ej;hedrine-methyl < ^-C-C-CHj 208-0-209-0 Racemic. 

iodide. , ' ^ I I (uucorrected). 

H N(CH,),T 
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Phenylpropanolamine (No. 1, Table I) has been chosen as the starting point of 
the primary amine group because it contains the ‘ phenyl-l-amino-2 ’ arrangement 
of the side-chain which is present in ephedrine and epinephrine and which has 
been considered the optimum arrangement of the side-chain (Tainter, 19336). 
This relationship is emphasized in the French literature where the compound is 
designated as ‘ nor-ephedrine ’. Nos. 2, 3, and 4 belong to the same homologous 
series as No. 1, with gradually increasing number of carbon atoms linked to the 
terminal carbon atom. To study the effects of substituents in the nucleus itself, two 
members (Nos. 5 and 6), — a monohydroxy and a methyl substitution in paraposi- 
tion — ^have been selected. Compounds with aryl and alkaryl groups have not 
received very much attention and this deserved further study (Nos. 8, 9, 10, 
and 11). Two tertiary and one quaternary ammonium halide have been added 
in the series to study the effects of transition from one group to the other. The 
number of compounds studied is small but it is felt that by choosing typical 
representative members of the various categories of amines, certain broad general 
principles might be deduced which may be helpful in future work. 

The hydrochlorides of the bases have been used throughout. All the salts 
yield clear solutions in water at room temperature. Nos. 8 and 9 are comparatively 
less soluble than the others and in comparative experiments with equimolecular 
dosages quantitatively larger amounts of these solutions have to be used. Molar 
solutions and its fractions have been constantly employed. Concentrations have 
been calculated from the molecular weights of salts, and not of the bases. 

Technique. 

Studies were made on the smooth muscles of isolated small intestines, 
uterii and bladder (urinary), and bronchioles of rabbits. In a small group of 
experiments, uterii of non-pregnant albino rats were also employed. Intestinal 
movements were recorded by Magnus’ (1905) method. As different parts of the 
intestinal tract are known to respond in different ways to this group of drugs 
(Thienes, 1933), only segments from the first 25 to 30 inches of the gwi (duodenum 
and jejunum) were used. In the large majority of experiments segments were 
removed, as needed, directly from the living urethanized animals (urethane 25 
per cent 4 c.c. per kilo), the laparotomy wound being closed with clamps in the 
intervals. In other cases, a portion of the intestine was immediately removed 
from the killed animal, divided into small segments and transferred to long cylinders 
containing fully rnrated tyrode solution at body temperature. Most of the 
experiments were done with non-pregnant uterii of rabbits weighing between 1'6 
kilos and 2 *2 kilos on an average. Small pieces of uterine horns varying from 2 cm. 
to 3 cm. were mounted following the details described by Brooin and Clark (1924) 
and Patee and Nelson (1928) in their work on the standardization of ergot prepa- 
rations by the ‘rabbit uterus’ method. The urinary bladders from the same 
animals were utilized, observations being made both on the fundus and the trigoim. 
The effect on the bronchioles was studied in isolated lung preparations by the 
method of Sollmann and von Oettingen (1928) as modified by Pak and King (1930). 
Tvrode solution at room temperature was perfused and the drugs were injected 
directly into'the inflow cannula. The drops were recorded both by means of a 
drop recorder and by direct counting. 
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The apparatus devised by Burn and Dale (1922), fitted -with muscle-warming 
tubes (graduated) of 100 c.c. capacity, was used. Plain tyrode solution, freshly 
prepared* (pH 7--1 to pH 7-6), was employed in all the experiments. Oxygenation 
was effected by passing small bubbles of air (10 to 12 bubbles per second) through 
the tyrode solution in the reservoir as well as in the muscle troughs. By making a 
jet at the angle of the L-shaped glass bubbler, direct contact of the emerging 
bubbles with the immersed tissue was avoided. Change of solution was effected 
without exposing the tissue to outside air. The temperature was maintained 
fairly constant at 38°C. ± 0'2°C. 


Expeuiment^vl results. 

1. Isohled intestine. Rabbit . — The results are summarized in Table II. 
Both qualitative and quantitative effects were observed. A very wide range of 
sensitiveness in response is presented by individual segments even from the same 
animal and under identical experimental conditions so that it is very difficult to 
lay down any standard concentration of the drug employed and the standard 
effects resulting therefrom. To obviate irregularities and to reduce inconsistencies 
in the results to a minimum, the plan adopted has been to carry out a large series 
of experiments, analyse the results mathematically, and to indicate the nature 
and degree of responses obtainable in at least 50 to 75 per cent of the experiments. 

For quantitative evaluation, particular attention has been paid to the rapidity 
with which the inhibitory effect sets in, the extent to which normal rhythm is 
ultimately abolished, and the degree of recovery possible. The comparative 
strengths of individual members have been deduced from dnect observations of 
the effects produced by equimolecular doses as well as the respective dosages 
required to produce the maximal response of a complete or nearly complete 
cessation of movements. The ratio of activity is expressed as the reciprocals of 
the doses required to produce equal submaximal responses as enunciated by 
Cushnej' (1908). As the nature of action of the various members of the group is 
markedly different, such evaluation of the respective activities is open to serious 
objection and is included as a rough approximation only. 

A perusal of Table II shows that Nos. 1, 2, 3, i, 5, 6, and 7 are predominantly 
inhibitory. This effect is elicited in the large majority of experiments when the 


* Freshly prepared from stock solution as follows : — 


NaCl .. 
ICCl . . 
CaCl„ .. 
(anhydrous). 
MgCl, .. 
Water to 


Stock No. 1. 


. . 1,000 g. 

25 g. 
25 g. 


Stock No. 2. 

NaHjPO, . . . . 2 g. 

NaHCOj . . . . 4 g. 

Water to .. ..8 litres. 


■ • 12'5 g. No. 1 keeps for a fairly long time. 

10 litres. No. 2 requires more frequent changing. 

Solution ; — 

80 c.c. No. 1 water to 800 c.c. 

Add No. 2 200 e.c. 


1,000 c.c. 




0’5c.c. tol c.o. Tendency to sponta- Decrease tone. Diminution very Affeotod (slowed) .. .. Slight inhibition 

M/lOO. neons recovery Tendency to slight. Tendency in largo doses. noticeable initially. 

(2-3 mins.). increase after to increase later. Dcfiiutely muscular 

1 min. effect. 
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dosage level varies between the minimum' and the optimum necessary to produce 
the typical effect. Nos. 3 and 4 often produce a transient primary stimulation 
with the minimum dose which is, however, rapidly masked by the inhibitory effect. 

A change from the purely inhibitory to purely stimulant action is often observed 
with Nos. 1, 2, and 7. This variability of the effect with varying doses appears 
to be the reason which has led many investigators not to recognize their essentially 
inhibitory effects but to take into consideration only their stimulant effects. 
Nos. 8, 9, 10, and 11 appear to be predominantly augmentor, noticeable only with 
very small doses. This is followed by marked inhibition which is long lasting and 
from which recovery of the intestine is much more difficult. Another interesting 
observation in this connection is that with Nos. 9, 10, and 11 the amplitude 
is much more affected than the tone, indicating probably a genuine muscular 
involvement. No. 12 differs from No. 7 in exhibiting a preliminary augmentor 
effect. No. 13 shows a predominantly augmentor effect though it is not uncommon 
to find in a few experiments a transient initial inhibition. 

An attempt to study the mechanism of action of the various members, 
however, has not been very successful. That the inhibitory effects are not due to 
paralysis of the parasympathetics appears to be definite as no changes are observed ' 
before and after atropinization. With Nos. 10 and 11, however, atropinization 
sometimes abolishes the augmentor effect which points to parasympathetic 
involvement in these cases. The predominantly inhibitory effects seen with 
Nos. 1, 2, 3, 4, 5, 6, 7, and 12 indicate, from the almost immediate onset of the tonal 
response, a sympathetic stimulation, but no experimental evidence is available 
on this point. Ergotization is not of much help when the sympathetic endings 
are mainly inhibitor as is the case with the intestines. Apocodeine has not been 
used in view of the observation of Tainter (19336) that the requisite degree of 
paralysis is not possible to obtain without serious involvement of the muscle. 
Responsiveness to barium has been employed to get an idea of the degree 
of paralysis of the musculature. The results obtained tend to indicate that 
Nos. 1, 2, 3, 4, 5, 6, 7, and 12 have all a mixed effect both on the sympathetic endings 
as well as on the musculature. The muscular effect appears to be more prominent 
with Nos. 3, 4, 6, and 12, whereas the nervous effect is more prominent in case of 
the others. With increase of dosage up to a certain limit, a transition from the 
purely inhibitory to a definitely stimulant effect may be seen with Nos, 1, 2, 5, 
and 7, where the muscular effect probably overcomes the nervous effect. The 
picture presented by Nos, 8, 9, 10, 11, and 13 is different from the rest in that 
the muscular stimulant effect is prominent here from the very outset. No. 8 
diminishes both the tone and the amplitude, but Nos. 9, 10, and 11 have very little 
effect on the tone but marked effect on the amplitude and rate ; all lead to a 
marked inhibition at the end only in different degrees. The muscular factor is 
obviously important though there is no evidence pointing to the absence of the 
nervous factor. The action of No. ]3 simulates a weak nicotin effect on the 
intestines, the paralytic effect being completely absent. This is probably due to a 
weak stimulating effect on the sympathetic ganglia as has been shown by Pak 
and Read (1934). * ■ 

2. Isolated uterus. Bahhit . — A critical comparative study was made on 
strips of non-pregnant rabbit uterus suspended in a Dale’s uterine bath. Both 
qualitative and quantitative effects are noted. Two methods of comparison have 
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been adopted ; (1) direct comparison on the same strip of uterus, keeping the doses 
constant and varying the orders of injection of the respective drugs ; (2) indirect 
comparison with adrenaline as a standard. Broom and Clark (Zoc. cit.) pointed 
out that the response of rabbit uterus to adrenaline is remarkably constant. This 
was confirmed by Patee and Nelson {loc. cit.). Following this principle, a constant 
response to a standard dose of adrenaline (after two to three injections) is 
obtained and the o.vytocic response of the various members compared with this 
standard. The magnitude of the response has been determined by the accepted 
method of measuring the heights of the contractions of the uterine strips. This is 
quite satisfactory when the uterine strips are of the quiescent type but when they 
exhibit spontaneous or rhythmic activity, a fallacy creeps in because spontaneous 
contractions add greatly to the height of the ordinary response. _ In such cases, 
the ‘ sustained tonus increase ’ has also been taken into consideration as indicated 
by Thompson (1932). The presence of the well-known ‘ reversal ’ effect after 
ergotoxine has also been looked for. Ergotization was effected by adding 
ergotoxine ethanesulphonate in concentrations of 1 ; 100,000 to 1 : 50,000. 

The data available indicate clearly that there is a graded increase in oxytoeic 
activity of the amines from Nos. 1 to* 4. The relationship between Nos. 1 and 2 
is not clearly defined in as much as they appear almost equivalent in potency 
in many instances. The stimulation following the injection of No. 4 is compara- 
tively transient, leading on to a sharp and well-marked fall of tone from which 
recovery is not always complete. This points to toxic involvement of the muscle. 
Compared to Nos. 1 and 2, No. 3 appears to have more effect on the muscle as 
the recovery period is delayed, but the muscle is capable of regaining the original 
tone when the poison is washed away. The orders of activities of Nos. 1, 5, and 
7, and Nos. 2 and 6 are again not conclusive. One would not be far wrong in 
judging No. 5 to be slightly stronger than both Nos. 1 and 7, while No. 2 is either 
slightly stronger or equal to No. 6. No. 12 appears to be definitely stronger than 
No. 7, a point which is of particular interest and will be referred to again. No. 13 
is definitely weaker than No. 12. No. 11 is decidedly the most potent of the group 
consisting of Nos. 8, 9, 10, and 11 and all the members of this small entente are 
stronger than the other members of the series. Nos. 9 and 10 are probably equal 
with the scale slightly in favour of No. 10. 

With regard to the nature of their action as elucidated by the ergotoxine 
method, not a single member can be classed in the same category as adrenaline, 
the typical sympathetic stimulator. No. 5 seems to be the nearest approach with 
No. 7 closely in its wake. Nos. 1, 2, and 8 show slightly diminished responses 
only. The rest of the series exhibit no change whatsoever. 

3. Urinary bladder. Rabbit . — Young and Macht (1923) showed that the 
fundus of the urinary bladder is innervated by the parasympathetic and the 
trigone by the sympathetic. Macht (1926) later showed that various drugs 
react with these portions according to their affinity for one or the other type of 
N-endings and that the mechanisin of action of an unknown drug can be eluci- 
dated satisfactorily in this relatively uncomplicated system. All the primary 
amines excepting No. 5 have a tendency to contract both the fundus and the 
trigone, the fundus effect depending largely on the functional state of the tissue. 
In a relaxed strip of fundus, there may not be any stimulation at all. The effect 
on the trigone appears to be more pronounced and regular with No. 2. No. 5 
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may bring about an inhibition of the relaxed fundus and a contraction followed 
by a gradual inhibition in a tonically contracted fundus. Ephedrine, as has 
already been pointed out by Macht (1929) and Liljestrand (1929), causes a con- 
traction of both the fundus and the trigone. In small doses this efiect appears 
to be more marked in the trigone, whereas in stronger concentrations, the 
reverse appears to be more true, indicating again a probability of a dual 
neuromuscular action of the drug. No, 12 behaves in the same way as No. -7 
though the fundus effect is slightijr more evident. Nos. 8 to 11 produce 
qualitatively the same response of an initial contraction of both the fundus and 
the trigone with a subsequent tendency to relaxation. No. 11 is again the 
strongest in potency, while No. 8 appears to be the weakest of this lot. 

4. Isolated uterus. Albino rat . — The non-pregnant uterus of the albino rat 
is inhibited by adrenaline and is therefore a convenient tissue for differentiating 
between a ‘ sympathomimetic ’ action (Dale) and a direct stimulant action on the 
uterine muscle. From the results obtained, Nos. 5 and 7 appear to be definitely 
‘ adrenaloid Nos. 1, 2, and 6 cause an adrenaloid response of a feeble character 
with small doses. With large doses, however, this effect may be completely 
reversed into a distinct stimulant effect. This is true more in the case of No. 6 
than in Nos. 1 and 2. The rest are all definitely non-inhibitory. In the case 
of Nos. 9, 10, and 11, there may be inhibition as a late sequelae following initial 
stimulation. 

5. Isolated lung perfusion. Rabbit . — Ephedrine in a dilution of 1 : 1,000,000 
to 1 : 200,000 causes an appreciable dilatation as evidenced by the increase in 
the number of drops. Propanolamine (No. 1) in concentrations of 1 : 200,000 
to 1 : 50,000 has a tendency to constriction and so has No. 2. No. 11 in a dilution 
of 1 ; 1,000,000 to 1 ; 5,000,000 brings about an initial constriction followed, on 
increase of dosage to 1 ; 100,000, by definite relaxation. Methyl ephedrine some- 
times causes a slight constriction but generally a dilatation in dilution of 
T : 50,000. The variations in the number of drops from time to time with the 
injection of different amines are, hov/ever, so great that no quantitative estima- 
tion by this method appears to be promising. 


Discussion. 

Certain parallel investigations with various members of the group of amines 
under study have been reported by a number of workers and it will be interesting 
and instructive to see how far the generalizations drawn from the present set of 
experiments agree or disagree with the conclusions arrived at by different methods 
of study. Our results have generally .shown that the compounds in the series 
from ‘ propanolamine ’ to ‘ octanolamine ’ exhibit an increasing degree of activity 
on the rabbit uterus and perhaps also on the small intestine. From the effects 
on the bladder and the rat uterus, No. 1 appears to be more ‘ sympathicotropic 
than the others, thdugh No. 2 is a close follower. _ Nos. 3 and 4 appear to exert a 
toxic action on the musculature both of the intestines and the uterii but this toxic 
action is not so powerful as to cause a complete death of the tissues, as in many 
there is a revival after washing away the poison and the muscle is still 
resnonsive to barium. The order of activity of these four members bears out m 
fulf the impression of Chen, Wu and Henriksen (Zoc. ciL), that compounds with 
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long sicle-cliains on the N-atom or on the a-carbon atom have comparatively 
greater oxytocic activity. It has, however, been shown that the optimum length 
of the side-chain is either two or three. Tainter (1933(i) brings forth evidence on 
the basis of pressor response that lengthening the side-chain beyond ‘ propanol ’ 
decreases pressor response (as in butanolamine) and may further convert the 
pressor into a depressor response (as in No. 3, hexanolamine and No. 4 ). From 
our results on smooth muscles, it appears reasonable to conclude that lengthening 
the side-chain up to ‘ pentauol ’, at any rate, is not a marked disadvantage. 
Though a transition from ‘ propanol ’ to ‘ pentanol ’ is attended with a lessened 
sympathomimetic activity, the stimulant activity on the musculaturei is very 
definitely increased without any undue toxic action developing. The amines 
apparently produce varying degrees of response in different systems and the order 
of activity as manifested by their ‘ pressor ’ response need not hold good 
with regard to the smooth muscle effects. Differences are also noticed in their 
effects on blood sugar and toxicity tests on white mice. The blood-sugar response 
shows a graded increase (Anderson and Chen, loc. cit . ; Tainter, 1933a) up to 
‘ hexanolamine ’. The toxicity of the compounds also rises up to ‘ pentanol ’ 
though ‘ octanol ’ is perhaps less toxic than all the rest. 

The presence of an OH group in the paraposition in the nucleus appears 
to be an advantage in that the effect on the muscles of the intestines and 
perhaps uterus is sliglitly enhanced. This substitution certainly increases the 
sympathomimetic activity of the compound (results with rabbit bladder and rat 
uterus). The pressor action and the hyperglycemic action of this compound have 
also been reported to be stronger than its corresponding homologue. It may there- 
fore be assumed that a monoxy substitution in the paraposition increases the 
activity of a compound. Such a general statement, however, is not always 
true, as there is decrease instead of an increase of pressor activity in a similar 
compoimd — tyramine (OH ^ CH2.CH2.NH2) when compared to its homo- 
logue ( < CH2.CH2.NH2). 

The introduction of a methyl radicle in the paraposition of the aromatic 
nucleus does not seem to be attended with any consistent change in activity. 
Tolylbutanolamine appears to be stronger on the intestinal musculature, but equal 
or slightly weaker in action on the uterine muscle than butanolamine. There is 
definite indication that the sympathomimetic action disappears to a great extent. 
This is in line with the findings of Alles (1933) who reports that methyl tyramine 
is equally effective as a bronchodilator and in some cases a more active broncho- 
dilator. Substitution of a methyl group in the paraposition, on the other Land, 
is known to reduce the pressor activity to a fairly marked extent (CH3 ^ ^ 

CHOH.CH.CH3.NH2 is 3/5 as active as ^ ^ CHOH.CH.CH3.NH2). With 

regard to the hyperglycemic responses the same relationship does not hold good. 
Anderson and Chen {loc. cit.) find that the addition of a methyl radicle in the 
paraposition increases the hyperglycemic activity of compounds. Hartung and 
Krantz (1931) also adduce evidence of increased hyperglycemia with methvl 
substitution of the aromatic nucleus. ^ 

The primary amines have a stronger pressor action than the corresponding 
methylated secondary amines (Hartung mid Krantz, loc. cit.). Barger and Dale 
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{he. cit.) also find that among sympathomimetic amines, a methylamino base is 
usually weaker than the corresponding amino base. In our experiments, however, 
there is very little indication that propanolamine is definitely stronger than 
ephedrine. Propanolamine appears stronger or perhaps equal to ephedrine in its 
uterine activity, whereas in intestinal activity ephedrine certainly is a more 
powerful inhibitory agent. This is not the oidy instance where a methylamino 
base behaves in such a way. A methylamino base may be actually stronger in 
activity or equal in activity to its corresponding amino base. Thus methylbenzvl- 
amine is more pressor than benzylamine and CgHs.CHo.CHo.NHo is equarin 
activity to C 6 H 5 .CH 3 .CH 2 .NH(CH 3 ). - - . u 

Secondary amines with substituted alkaryl or aryl or alyl groups at the N- 
atom or a-carbon atom from the N-atom (Nos, 8, 9, and 10) have been found, in 
our experiments, to be strong muscular stimulants, the ratio of activity being 
quite high in proportion to ephedrine. This stimulation, however, tends in a 
short time to lead to a well-marked relaxation, which is gradually more pronounced 
as one travels from the alkyl to the aryl substitution. These compounds also show 
a certain amount of toxic effect on the musculature of both intestine and the 
uterus as is seen from the incomplete and long-delayed recovery with even 
moderate doses. This supports the view of Chen, Wu and Henriksen {he. oit.) 
that increase in the number of carbon atoms is not attended with corresponding 
advantage. The sympathomimetic activity also disappears perhaps completely. 

Curtis (19296) has shown that the conversion of secondary to tertiary amine 
of compounds belonging to the ephedrine series (by methyl or ethyl radicles) 
lessens their action or blood pressure. Effects on both the intestine and the uterus 
of methyl ephedrine have, in our series of experiments, given just the opposite 
results. Methyl ephedrine appears to be distinctly stronger in most experiments, 
while in others it is almost equal to ephedrine. The blood-Sugar response indicates 
that the two members are almost equal. Methyl ephedrine has also been shown 
by Cm’tis (19296) to be almost equal to ephedrine in its broncho-dilating power. 

The other tertiary amine, benzyl ephedrine, has been found to be many times 
as active as ephedrine. Like all the other benzyl compounds, it is characterized 
by an initial stimulation followed by a lasting and prolonged relaxation. The 
eympathomimetic activity appears to disappear to a very large extent, if not 
completely, and, in certain experiments at least, there are indications of it 
stimulating the parasympathetics as well. The pressor response with benzjd 
ephedrine has been shown by Read (1932) to be predominantly depressor at the 
beginning followed by a pressor action above the original level. 

Barger and Dale {he. cit.) examined two quaternary ammonium salts, hordenihe 
methiodide OH <^~^CH2.CH2.II(CH3)3^ and trimethylaminoethyl catechol 

chloride (OH)3.C6H3.CH2.CH2.N(CH3)3Cl and found both to possess a typical 
nicotin-like action. Our observations with methyl ephedrine methiodide luUy 
bears out this observation. It has, however, a very weak nicotine action. 
It is certainly weaker than methyl ephedrine, the parent amme. Anderson and 
Chen {he. cit.) have reported on a quaternary ammonium iodide and found it to 
■’ in its corresponding homologue both in pressor action and m 
activity. Hordenine methiodide has also been found to be about 
active than hordenine its'felf in hroncho-dilator activity. 


be stronger tli 
hyperglycemic 
50 times more 
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From what is said above, the futilit}’’ of making sweeping generalizations with 
regard to chemical structure and pharmacological action becomes at once 
apparent. While the order of potency for a given series of compounds may be 
quite constant for any one kind of pharmacological test, the sequence or degree 
of activity need not be and usually is not the same for other tissues of the body. 
The response of the amines at least seem to be entirely different with regard to 
pressor activity, hyperglycemic activity, smooth muscle effects, toxicity, etc. 
Further observation may reveal still other differences in their behaviour to the 
different tissues of the body. 


Summary and conclusion.s. 

1. A group of 13 amines related to ephedrine have been investigated with 
reference to their effects on the smooth muscles of the small intestines, uterus, 
bladder (fundus and trigone), and bronchioles. Foth qualitative and quantitative 
effects have been observed and a comparative estimate of the nature and degree 
of action of individual members attempted. 

2. The compounds studied include six primary amines, four secondary amines, 
two tertiary amines, and one quaternary ammonium halide. 

3. As the length of the side-chain is increased from propanolamine to 
octanolamine, there is a tendency to increase of activity on the plain muscles. 
Octanolamine, however, exerts a possible toxic action on the musculature. The 
sympathomimetic activity gradually disappears from Nos. 1 to 4. 

4. The substitution of a monohydroxy radicle in the paraposition increases 
the strength of the compound and makes it more sympathomimetic. 

5. The introduction of a methyl radicle in the paraposition is not of 
particular advantage. The intestinal effect may be more pronounced in certain i 
cases. Such a substitution, however, removes the sympathomimetic ^activity 
of the compound to a large extent. 

6. The conversion of a primary to a secondary amine may^-fr may not 
diminish the activity of a secondary amine. Ephedrine may be actu^^y mo^e^ 
inhibitory on intestinal musculature than propanolamine, a primary aminu 

7. The introduction of an aryl or alkaryl radicle in the N-atom or the 
terminal carbon atom increases temporarily the muscular activity of the cdmpounds 
very greatly. This stimulant effect wears off after a short time leading to 
inhibition. The benzyl radicle brings about the relaxation at a much quicker 
rate than a phenyl radicle, which is characterized by a slow and gradual 
action. The sympathomimetic activity disappears almost completely with alkaryl 
or aryl substitutions. 

8. The conversion of a secondary to a tertiary amine increases the activity 
on the smooth muscles. With a methyl substitution, the activity increases but 
slightly and the sympathomimetic efficacy becomes correspondingly slightly less 
marked. With a benzyl substitution, the activity increases markedly at the 
beginning followed by marked diminution. The sympathomimetic activity in 
aryl substitution perhaps disappears completely. 
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9. The quaternary ammonium iodide of methyl ephedrine is weaker than 
the parent amine. It has a nicotin-like action and does not seem to possess any 
sympathomimetic activity. 

10. The amines apparently difier a good deal in their responses to different 
tissues. Very little similarity in the orders of activity amongst individual 
members is seen when their responses to blood pressure, smooth muscle effects, 
hyperglycemic activity, etc., are considered. Generalizations with regard to the 
effect produced by various substitutions in the ring and the side-chain of the 
benzenenucleus are therefore of limited value. 

Acknowledgment. 

I am grateful to Brevet-Colonel R. N. Chopra, c.i.e., k.h.p., i.jr.s.. 
Director, Biochemical Standardization Laboratory, Calcutta, for his kind 
permission to publish the paper. 


AI/LES (1933) 

Andekson and Chen (1934) 
Eaeboub (1916) .. 

Baeqeh and Dale (1910) 

Barvchli and Cloetta (1929) 
Broom and Clark (1924) 

Buck (1932) 

Burn and Dale (1922) 

Chen (1928) 

Chen and Chen (1933) 

Chen and Schmidt (1930) .. 

Chen, Wu and Henbiksen (1929) 
Curtis (1929a) . . 

Idem (1929b) .. 

CUPHNEY, (1908) .. 

Dakin (1905) .. 

Duliere (1928) . . 

Epstein, Gunn and Virden (1932) 
Peno (1932V 

E'.ko and/hVis-ION (1930) 
UuaaEN..3irM and Lofpler (1915) 
Gunn and Elphick (1934) . . 
.Hartuno and Krantz (1931) 
Hartung and Munch (1929) 

Ide?n (1931) 

Hjobt (1934a) 

Idem (19346) 

Hyde, Browning and Adams (1928) 
Kanao (1928) 

Koller (1926) 

(.ILJESTRAND (1929) 

Loewi and Meyer (1905) . . 

Macht (1926) 

Ide??i (1929) .. 

Magnus (1905) 

MaNSKE and Johnson (1929) 

Pak and King (1930) 

Pak and Reap (1934) 

Patee and Nelson (1928) . . 
Piness, Miller and Alles (1930) 


REFERENCES. 


.. Proc. Soc. Exper. Eiol. and Med., 31 (3), p.-385. 
.. .lour. Ainer. Pharm. Assoc., 23, p. 290. 

. . Jour. Pharmacol., 8, p. 12K 
.. .Tour. Physiol.. 41, p. 19. 

. . Quoted by Swanson (1932). 

. , Jour. Pharmacol., 22, p. 59. 

. . Jour. Amer. Ghem. Soc., 54, p. 3661. 

. . Special Report Series. ^led. Rea. Council, 
Britain. No. 69, pp. 1-5. 

. . Jour. Pharmacol., 33, p. 237. 

., Jour. Ainer. Pharmacol. Assoc., 22, p. 813. 

. . Medicine, 9, p. 52. 

. . Jour. Pharmacol; 36, p. 369. 

Ibid., 35, p. 321 

Ibid., 35, p. 333. 

. . . Jour. Physiol; 37, p. 130. 

. . Proc. Roy. Son., 76B, p. 491. 

, . Quoted by Swanson (1932). 

.. Jour. Physiol; 76, p. 224. 

Jour. Ainer. Pharm. Assoc., 21, p. 1323. 


Chill. Jour. Physiol; 4, P. 231. 

Biochem. Zeit., 72, p. 303. 

Jour. Physiol; 81, p. 422. 

Jour. Amer. Pharm. Assoc,, 20, p. 429. 

Jour. Amer. Ghem. Soc., 51, p- 2262. 

Ibid; 53, p. 1875. 

Jour. Pharmacol,, 52, p. 101. 

Ibid., 50, p. 131. 

Jour. Amer. Ghem. Soc., 1, p. 2287. 

Jour. Pharm. Soc., Japan, 48, pp- 947 and 1070. 


. . Monalsh. Ghem., 47, p. 397. 

.. Chin. Jour. Physiol; ZtP.2A9. 

.. Arch. f. exp. Path. u. Pharm., 53, p. 21,!. 
. , Jour. Pharmacol., 2,1 1 P- 389. 

. . Arch. Exp. Path. Pharmacol., 143, p. 329. 

.. Quoted by Sollmann (1933). 

.. Jour. .4jner. Ghem. Soc., 51, I'. 1906. 


.. Chin, Jour. Physiol., 4, p. 141. 

. . Proc. Chi. Physiol. Soc., April, p. 23. 

. . Amer. Jour. Obslelr. Gynecol., 16, p. 73. 
. . Jour. Amer, Med. Assoc., 94, p. 790. 


Great 



B. Muherji. 


129 


Read (1932) . . . • . . Chin. Jour. Physiol., 5, p. 334. 

SoLLitAifN (1933) . . . . . . * Textbook of Experimental Pharmacology 

SoLLMA^JN and VON Oethnoen (1928) . . Proc. Soe. Expe.r. Biol. Med., 25, p. 692. 
Swanson (1932) . . • . . . . Jour. Amer. Pharmacol, rissoc., 21, p. 1125. 

Tainter (1933o) . . . . . . Arch. Internal. Pliarmacodyn., 46, p. 192, 

Idem (19336).. ., .. Jour. Pharmacol., 32. 

Thienes (1933).. .. .. Quoted by Tainter (1933o). 

THOiirsoN (1932) ., .. .. Jour. Amer. Pharm. Assoc., 21 , p. 1135. 

Tiffenear, Levy and Boyer (1928) .. Paris Med., 67, p. .563. 

Wilson and Sun (1934) . . . . Jour. Chin. Chem. Soc., 11 , p. 243. 

Yorno and Macht (1923) .. .. Jour. Pharmacol., 22 , p. 329, 




hid. Jour. Med. lies., 25, 1, Julj', 1937. 


CHEMICAL AND PHARMACOLOGICAL EXAMINATION OF 
RANDIA DUMETORUM, N. 0. RUBIACEM. 


BY 

S. W. HARDIKAR 

AND 

M. G. MOHIUDDIN. 

{Ft'om the Pharmacology Department, Osmania Medical College, 
Hyderabad-Deccan.) 


[Received for pubUcation, February 6, 1937.] 

Mainphal or emetic nut is obtained from Randia dmielorum {Lam),_ a 
shrub cosmopolitan in the tropics and common throughout India. The dried 
fruit has been known to Ayurvedic and Unani pharmacists for a long time as an 
emetic and ecbolic (Dymock, 1891). It is described by the old Sanskrit writers 
under the name of Madna as pungent and dry, and beneficial in leprosy and 
phlegmatic swellings, the best and the safest of emetics. Mohammedan 
physicians of India have adopted it as a substitute for the Jouz-el-Icai of Arabs 
and describe it as an emetic, at the same time acting as an aperient. Moodeen 
Sheriff (1869) describes the dry mucous pulp only as a good substitute for 
ipecacuanha in dysenter}^. Chevers, on the authority of Edgeworth, states that 
the fruit is used in Jullundhar as an ingredient in medicines given by the mouth 
for the purpose of procuring abortion {Waddell, 1928). Dymock and others have 
also mentioned it being used as a fish poison and to preserve grain from the 
attack of insects. Chopra (1933) has included it in the list of indigenous drugs 
worth investigation. 

The earliest investigations date from the last quarter of the last century, and 
were confined to the chemical composition of the drug. Dymock and others 
found the fruit possessing, besides resin and colouring matter, an active principle, 
saponin, hydrolysed by acids into sapogenin and glucose. 

From the preceding review of the literature, it will be observed that the 
statements respecting the physiologically active constituents of the fruit are rather 
vague. The work reported below was therefore undertaken. 

( 131 ) 
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Chemical composition. 

The material employed for this investigation consisted of the brown kernel of the ripe sun-dried 
fruits obtained from a local Unani druggist. 

A preliminary examination by the usual methods showed the presence of a reducinf' su<»ar: 
alkaloids, starch, and tannin were absent. • 

1. Steam distillation yielded a trace of a pale yellow oil having the characteristic odour of the 

drug. 

2. Extraction with solvents ; 25 g. of the ground material were extracted with various solvents 

successively in a Soxhlet apparatus when the following amounts of extracts, dried at 
100 C. Avere obtained : — 

Per cent. 


Petroleum ether (40°C. to 60°C.) . . . . . . 0-5 

Ethyl ether . . . . . . . . , . o-05 

Chloroform .. .. ,, O-.'t 

Ethyl acetate . . . . . , _ _ j.p 

Ethyl alcohol (strength 91 per cent) .. . 40-1 


Total . . 42-4 


Eor a detailed examination, 1 kg. of the powdered pulp equivalent to 3 kg. of the Arhole fruit was 
thoroughly extracted in a continuous extraction apparatus with hot 90 per cent alcohol for about 
eight hours, which, on leaving overnight, deposited a voluminous amorphous precipitate. This was 
filtered off and the filtrate distilled under reduced pressure. The total brown viscous extract was then 
steam distilled. 

Volatile constiliienta of the extract. 

Essential oil. — The distillate aa’os thoroughly extracted with ether and the ethereal extract, after 
extraction with dilute NaOH, left as residue about 5 g. of a thick greenish yellow oil having the charac- 
teristio smell of the drug. 

Volatile fatly acid. — A portion of the distillate, on careful evaporation, left a little residue, acid in 
reaction, showing it to be a fatty acid. The quantity avos too small for more detailed work. 

Non-volatile constituents of the extract. — The dark-broAvn aqueous residue from steam distillation 
Avas sloAvly evaporated and the viscous mass Avas then taken up Avith dilute alcohol (90 per cent) leaving 
very little undissolved. 

Banonin. — The alcoholic solution, on cooling, deposited a heavy amorphous precipitate Avhich Avas 
filtered off (filtrate A). 

The precipitate responded clearly to all the tests for saponins. 

Eurif cation of the saponins (Rosenthaler, 1930). — The crude residue was washed several times 
with ether, and dissolved in hot 75 per cent alcohol. The flocculent precipitate thus formed was 
removed by filtration of the hot solution through suction. The filtratc AA^as poured drop by drop into 
a large volume of ether resulting in a broAvnish Avhite flocculent precipitate, sticking to the sides of 
the beaker. This was filtered off and dried in vacuo. Its melting point Avas between 200°C. and 
2]0°C. 

Separation of the acid and neutral saponins (Hass and Hill, 1928). — Neutral sapon\n. The residue 
was taken up Avith hot water in which it completely dissolved. The aqueous solution Avas treated 
Avith just sufficient neutral lead acetate solution to precipitate the saponins, briskly stirred, a little 
warmed, and filtered. The gelatinous precipitate, Avhich avus too difficult to be filtered, Avas eentriluged, 
the residue washed several times with Avater, and the washings and the filtrate cmlected (nitrate U). 
The dried gelatinous mass Avas then suspended in Avater and treated ivith dilute HobO^ and nltmed. 
The filtrate was freed from lead bv passing H.,S and evaporated to the consistency of a syrup. is 
Avas boiled with 90 per cent alcohol. Erom this alcoholic solution the neutral saponin was precipitated 
by pouring it drop by drop into a large volume of ether and dried over H^SO^. The r^^idting preap- 
tate was further decolorized Avith animal charcoal ; its melting point Avas betAveen -30 L. and - 
(No sharp melting point could be determined.) The yield avus about 30 per cent. 

Acid sanonm.— Filtrate B was then treated Avith basic lead acetate and the precijiitatp deleaded 
and the saponin purified as above. About 2 g. of broAvnish Avhite material Avere obtained ; its melting 
point was betAveen 195°C. and 200°C. 
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Final piiripailion of tlm neutral saponin. — ^To free tho saponin from carbohydrates, colouring 
matter, and other colloids tho dialysis, the magnesia, and tlw sallmg out by (NHjl.SOj methods were 
all tried and it was found that, at least in this case, tho precipitation method with ether is the best and 
safest. 

Acid resin. — Filtrate A was ovaixirated and tho residue treated repeatedly with distilled water 
and filtered. The undissolved mass was finally taken up with dilute NaOH. The yellow alkaline 
solution was neutralized with dilute HCl, when a greenish white mass floated on the surface ; this 
was collected and dried over HjSO,. By its solubilitj' in ether, alcohol, and NaOH, and its insolubility 
in water, it was confirmed as a resin. 

Physical and chemical properties of the neutral sapoiiin. — The so far purified neutral saponin is a 
white, brittle amorphous mass (melting point between 230“C. and 240°C.) soluble in water and cold 
dilute alcohol, and insoluble in benzol', petroleum ether, ethyl ether, acetone, and chloroform. The 
aqueous solution assumes a yellow tint and froths heavily on shaking and imparts a slightly alkaline 
reaction to litmus with a pH ranging between 7-0 and 7-8. The aqueous solution, 1 per cent, showed 
a specific rotation of — 22“ at 29“C. 

Tho following colour reactions were obtained: — 

1. Concentrated HjSO, developed a red coloration in the cold. 

2. Concentrated H^SO, with a little FeClj gave a bluish green colour. 

3. Potassium ferricyanide containing a little ferric chloride gave Turnbull’s blue reaction. 

4. Ammoniacal silver nitrate was reduced to metallic silver. 

5. Concentrated H_,SO, and phosphomolyhdie acid did not produce any coloration but the 

saponin was hydrolysed. 

6. Concentrated H^SOj and tungstic acid — a deep red colour which became black afterwards. 

7. Concentrated HjSO, and vanadic acid — at first greenish yellow, finally blackish red. 

8. Concentrated H^SO* and phenol — pale yellow in the cold, changing to cherry red on 

warming. 

9. Neutral lead acetate gave a voluminous precipitate of lead salt. Basic lead acetate did not 

produce any definite precipitate, but turbidity was noted after a short time. 

Hydrolysis of the saponin — glucose and sapogenin. — On reflesing with dilute acids (10 per cent 
HCl or HjSOj), tho saponin was hydrolysed and a white amorphous, flocculent insoluble precipitate 
was obtained which was filtered and washed several times with water and finally dried over HaSO, — 
melting point betiveen 200“C. and 210“C. (A sapogenin.) 

The filtrate, on coneentration, was subjected to Fehling test which was quite positive. An 
osazone was then prepared ; its melting point was found to be between 200“C. and 202“C., and it was 
completely soluble in acetone (glucosazone 203“C. to 204°C.). Saliva, emulsin, and prolonged boiling- 
with HjO also hydrolysed the saponin. 

Ash. — 6-3 g. of the dried (at 100“C.) seeds from the kernel were burnt to white ash (0"45 g.). The 
ash on qualitative analysis was found to be KjO, Na_,0. Lead in very small quantity was indicated 
by a positive chromate test. 

The shell and seeds were found to be free from saponin. [Jloodeen Sheriff (loc. cit.) remarks 
that only the pulp possesses emetic properties.] 


Physiological properties. 

(1) Taste . — ^It has a slightly bitter taste and causes salivation. 

(2) Irritation of the mucous membrane . — ^^Vhen inhaled, it causes sneezing. 

A drop of 1 per cent solution causes redness in the rabbit’s cornea. ° 

(3) Hcemolytic index. — (a) With whole blood (Hass and Hill, loc. cit.) a 
1 per cent solution defibrinated sheep’s blood in 0-9 per cent NaCl was used" for 
this purpose. 

1/20,000 caused htemolysis in 7 minutes. 

1/40,000 „ „ „ 35 „ 

1/80,000 did not cause haemolysis even on keeping overnight. 
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(6) Washed blood corpuscles . — With O'O per cent suspension of washed blood 
corpuscles, the time of hsemolysis was shortened but the concentration remained 
practically the same. 

1/20,000 heemolysed in 5 minutes. 

1/40,000 „ „ 30 „ 

1/80,000 did not hsemolyse even on keeping overnight. 

The hgemolytic index is therefore 1/40,000, 

(4) Toxicity . — 

On paramoeda. 

1/1,000 kills almost all the organisms. 

1/5,000 kills only the larger individuals. 

Fresh-ioater fish were killed by a concentration of 1/20,000 in about 12 
minutes. 1/40,000 was not fatal. 

(5) Mammals. — 0’120 g. in 60 c.c. of water given by the stomach tube to a 
dog of 6 kg. body-weight brought about vomiting twice within six minutes, after 
which the animal soon became normal, 0'300 g. injected into the tibial vein in 
another dog of 5 kg. body-weight did not cause vomiting. This shows that the 
emetic and expectorant action depends upon local irritation of the stomach, 
0'060 g. injected into the ear vein of a rabbit of 2 kg. body-weight in divided doses 
in the space of one hour did not prove fatal, but 0'095 g. brought about immediate 
death. In a blood-pressure experiment on a rabbit 0T90 g. was given in divided 
doses before death occurred : the blood pressure fell down about 30 mm. with 
each injection, but recovered in a couple of minutes. The fall of blood pressure 
was unaffected by administration of enough atropine to paralyse the vagal termina- 
tions. The same kind of a passing fall of blood pressure was seen in a dog._ Death 
was brought about by cardiac arrest with the last large dose (O'SOO g.) injected, 
a few gasping respirations occurring after the stoppage of the heart and fall of blood 
pressure to zero. In the rabbit, however, at the termination of the es^eriment, 
the bladder was full of red-coloured urine which showed the absorption bands 
of hsemoglobin ; there was sanguineous fluid in the peritoneum and the lungs 
showed hcBmorrhages under the pleurae. In the case of the dog, the urine was 
clear. 

(6) The pendulum movements of excised intestine of rabbit were rendered 
feeble and the tone lowered by a concentration of 1/50,000. 

(7) The perfused heart of the frog was '-unafl’ected by a concentration of 
1/100,000 but was arrested in a few minutes by 1/75,000, and practically instanton- 
eously by 1 /50,000, the ventricle going into systole, the auricles distended, while 
the sinus continued to beat feebly. 

The detoxicating action of the liver was shown very strilcingly, on perfusing 
through the anterior abdominal vein in a closed circuit arrangement holding 30 c.c. 
of fluid. With a solution of 1 /50,000 and subsequently of 1/20,000 the near 
was unaffected. The perfused solution which had passed through the liver on 
then being introduced directly into the inferior vena cava was seen ^ 
of poisonous action, while a fresh solution of the same strength (l/-0,0t0; en 
brought about immediate arrest of the heart. 
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The material therefore appears to be one of the weaker members of the large 
group of saponins. 

Summary. 

The alcoholic extract of Randia dumcCorum fruits has been found to contain, 
besides the unidentified water-soluble fatty acids, an essential oil, green colouring 
matter, a neutral saponin, an acid saponin, and an acid resin. 

The pharmacologically active constituent is a neutral saponin, behaving as 
one of the weaker members of the large group of saponins. 
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The bajmolytic action of snake venoms on red blood cells constitutes but one 
of its most important effects, the mechanism of which has unfortunately been 
still an unsolved problem. The action of venom on the blood has been observed 
to vary with the nature of the venom and also with the species of the animals on 
whose blood it acts. The conditions favourable for hemolysis have also been 
found to differ in a similar way with the nature of the venom and the organism 
on which it acts (Martia, 1895 ; Kellaway, 1929 ; Kyes and Sachs, 1903 ; 
Lamb, 1905 ; Noe, 1904). ' 

Kellaway and his co-workers have concluded that snake-venom haemolysis 
is of the type of ‘ adsorption hemolysis ’ according to the classification of Herman 
and Rohner (1925) resulting from the lysis of the lipoid or the protein-lipoid 
envelope of the red cells resembling lecithin more than saponin in its effects. They 
explained the serum inhibition of the venom hsemolysis on this basis and attributed 
it to the effect of changes brought about in the plasma as well as in the colloidal 
system composed of protein, lecithin, and cholesterol constituting the lii^tiag 
surface of the corpuscle. But most of the work in this connection, as well as those 
of many others, have been done in vitro. Experiments in vitro in such cases, no 
doubt, make matters much simpler by eliminating many of the complex variables 
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that might otherwise come in but such simpler, conditions certainly do not 
represent the actual state in a living body. Kellaway and Williams (1933) seemed 
to have understood this as they have made the introductory remark in one of their 
communications that if snake venoms were not so complex, the ideal method of 
study of the haemolytic action would be by observation of the results produced 
by injection in living animals. 

We thought it expedient to study the direct effect of the venom in vivo when 
injected into the anthropoids bearing fully in mind the complexities associated 
with such a study. The present paper embodies the results of our studies on the 
changes in some of the physical properties of the plasma and also of the surface 
condition of the corpuscle with a view to get a clue to an explanation of the haemo- 
lytic property of snake venom, if possible. 


Experimental procedure. 


Cobra venom was dissolved in sterile physiological saline in strength of 1 in 
10,000, i.e., O’l mg. per c.c., and was injected intragluteally into monkeys 
{Silenus rhesus). In the first monkey the dose injected was very small and in the 
subsequent ones it was gradually increased till we reached O'Ol mg. and OT mg. 
per kilo body -weight, i.e., one to ten mouse units. These are the doses 
usually administered to man for therapeutic purposes. To each monkey two 
doses were given, the first being a very small dose, and the second a three times 
bigger dose, 24 hours later. In all the cases the blood was drawn from the 
saphenous vein by a 10 c.c. syringe, sterilized by boiling olive oil, immediately 
before giving the venom injection (as a control for normal blood) and two hoiirs 
after the injection. A third specimen was drawn 24 hours later. Then a second 
higher dose was given and as usual 10 c.c. of the blood were drawn again after 
two hours and 24 hours, to study the effect of the venom immediately after its 
absorption and later on when it was being excreted. 


The blood drawn from each monkey was treated with a 2 per cent solution 
of potassium oxalate in the proportion of blood to oxalate as 10 to 1 by volume. 
A few drops of this oxalated blood were then mixed with an isotonic glucose solution 
buffered with phosphates. The migration velocity of red blood cells so suspended 
was then determined per unit potential gradient with the help of a micro- 
cataphoretic cell. The remainder of the oxalated blood was centrifuged and the 
plasma carefully separated out. Physical properties, such as the surface tension, 
the relative viscosity, pH, and the buffer action of this^ plasma, were then 
determined by methods mentioned in our previous communications (Chopra and 
Choudhury, 1928). 


It may be incidentally mentioned here that in this series of experimrats we 
preferred blood plasma to blood serum for two reasons : firstly, it was observec 
that although blood from monkeys drawn before injection of venom won 
coagulate and express the clear serum the blood drawn after mjection o 
venom, especially in larger doses, did not clot at all but formed a thick fluid mass. 

With higher doses of venom, hajmolysis was found to take place, while at very low 
tion would occur as usual but it was only with moderate doses that a peculiar ^ , tn-fnnn 

wherein the red cells did not actually htemolyse as seen under the microscope but still J’ . - 

the clot. We did not pursue our observations much further in this direction, but Do b 
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very small concentTations of venom it was inoidentally observed in vitro that the rate of coagulation 
was accelerated with mcn^asing concentration of venom m the blood, and this persisted up to an 
optimal concentration ivhero the rate was at its maMinum. With further mcrease of venom concen- 
tration, tho rats of coagulation was observed to slow down till at last, at a certam region depending 
upon both tho specimen of venom and of blood, there was no clotting at all. At this stage a viscous 
fluid mass was formed wherein tho red cells romaimd intact. This la illustrated m tie TcAt-%ure. 
With still higher doses tho red colls haimolyscd. 

It may not be out of place to mention here that this peculiar behaviour of venom can be understood 
in the li"£t of tho considerations sot forth by tho semor author and his co-workers m some previous 
papers. °It is quito likelv that this behaviour on tho part of the venom might bo due at lower concen- 
trations to tho activity of tho fibrin ferment that is present therein, whereas at higher concentrations the 
fibnnolytio action of tho venom probably gams ground and destroys the fibrm that is responsible 



0 


Concentration of venom 

Text-hoube. 


for clotting (Chopra, Das and Mukherjee, 1936). Another factor that possibly acts along with this 
has been pointed out by Chopra, Chowhan and De (193.5). This consists m the formation of some 
fine coagulum by the fibnn still present m the blood. (In spite of the depletion of fibrin by the proteo- 
lytic ferment present m the venom it is quite likely that there may always be a small amount of this 
protein m the blood as a result of two opposing influences that tho venom e.\erts.) There is some 
evidence to believe that the coagulum thus formed sticks to the lumen of the blood vessels. Hence 
the blood that is draivn oat is poor m fibnn and remains fluid. A drop of such blood examined under 
the microscope showed that the corpuscles were all intact and did not hsmolyse. 

The second reason for our preference of the plasma instead of serum consists 
m certain experimental conveniences. The preparation of the red-cell suspension 
for measurement of the migration of erythrocytes in an electric Md necessitated 
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oxalated blood whereas for the expression of seriita, blood without the anticoagulant 
is required. By selecting the blood plasma for our experiments we could have 
both red cells and plasma in one operation. The results have been given in the 
Table below : — 


Table. 

Action of cobra venom on the htood of monkeys in vivo, ivhen itjected 

inlmgluteally. 


Monkey 

number. 

Boae per kilo 
in rag. 

Time. 

Surface 

tension. 

Eelativ-o 

viscosity. 

pH. 

Buffer 

action. 

Mobility 

X 10“. 





« « 


51-0 

1-70 

7-33 

6-50 

32-2 




2 

hours 

after 

49-5 

1-83 

7-35 

6-52 

29-8 

M. 1 • 


>> 

24 

if 

•1 

50-0 

1-70 

7-35 

6-44 

28-6 




2 

if 

ft 

49-6 

1-71 

7-31 

6-48 

27-0 



if 

5 

days 

Si 

50-0 

1-64 

7-30 

6-67 

25*3 



Normal 


• • 


58-0 

1-62 

7-40 

6-46 

34-6 




2 

hours 

after 

56-2 

1-70 

7-44 

6-42 

34-8 - 




24 


„ 

56-1 

1-65 

7-34 

6-44 

33-6 

M, 2 . 



2 

>* 

ff 

54-6 

l-,60 

7-30 

6-30 

33-3 




24 

ft 

if 

53-1 

1-70 

7-36 

6-43 

31-3 



» 

72 

ft 

ft 

61-8 

1-60 

7-43 

5-87 

28-7 



Normal 


• • 


59-4 

1*54 

7-31 

6-49 

28-0 



0-001 

2 

hours 

after 

65-0 

1-70 

7-09 

6-20 

26-7 

M. 3 • 


if 

24 



No study 

was possible since the blood haomolysed 






strongly 







0-003 

o 

St 

if 

53-9 

1-71 

•• 

•* 

30-6 



ii 

24 

ts 

ff 

52-4 

1-83 

7-29 

6-36 

30-9 



Normal 




60-3 

1-48 

7-31 

6-45 

29-5 



0-003 

2 

hours 

after 

66-3 

1-71 

7-03 

6-30 

25-1 

M. 4 . 


if 

24 

ff 

ft 

57-3 

1-54 

7-20 

6-39 

28-3 



0-01 

2 

ft 

i> 

56-4 

1-71 

7-37 

6-48 

32-2 


_ 

a 

24 

t* 

ft 

52-7 

1-80 

7-24 

6-44 

33-1 
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Table— cci«c/(^. 


Jlonkoy 

number. 

Dose per kilo 
in mg. 

Time. 

Surface 

tension. 

Relative 

viscosity. 

pH. 

Buffer 

action. 

Mobility 
X 10'. 

i 



Normal 

. . 

54-5 

1-65 

7-47 

6-45 

22-9 



O'Ol ^ 

2 hours after 

63- 1 

1-71 

7-20 

6-67 

21-8 

M. 5 j 



» » 

51-7 

I-7I 

7-47 

0-45 

20-0 



0-1 

o 

11 » 

50-8 

, 

1-SO 

7-28 

6-65 

26-2 




2-t 

52-0 

1-B7 

7-30 

6-37 

23-3 


Analysis of results and discussion. 

(a) Surface tension and relative viscosity . — It will be evident from the above 
that the surface tension invariably falls with the injection of the venom. The 
decrease is clearly evident even two hours after the injection. The second dose 
in all the cases had a cumulative effect. The case of monkey No. 1 is a little 
difiterent in the sense that there is at first a fall in surface tension two hours after 
the introduction of the venom but there was a slight rise after twenty-four hours. 
Whether this indicates a slight tendency towards development of tolerance in 
this case is, however, not clear. The changes in all the cases were so small that it 
would not be justifiable to draw any conclusions from them. The maximum fall 
of surface tension was from 60 '3 to 52'7 dynes in the case of monkey No. 4. 

The changes in the relative viscosity of the plasma as compared to water at 
the same temperature are, however, more irregular. In most of the cases it has 
been observed that the immediate effect on viscosity is an increase which in many 
cases persists even up to twenty-four hours or gradually tends to come back to 
its normal value. When the second higher dose is injected the rise in viscosity 
after two hours is not as much as under similar conditions with the first dose. 

Prom the above it is evident that both viscosity and surface tension suffer 
changes on injection of cobra venom but they come back or tend to come back 
to near about the normal value in about twenty-four hours’ time. The directions 
in which these two factors alter are opposite to each other. It is known that surface 
tension varies inversely as the concentration of the proteins of the plasma while 
the viscosity^ bears a direct proportionality with this. Hence in the present case 
the diminution of surface tension and a simultaneous rise of viscosity indicates a 
probable rise in the concentration of the plasma proteins. This, however, suggests 
that it is the concentration of proteins in the plasma that is really changing and 
alterations in surface tension and viscosity are but outward manifestations of the 
same. Chopra and Ohowhan (1934) showed that when the venom of Bussell’s 
viper was injected into cats there was an excessive leakage of blood fluids throu'^h 
capillary walls. The number of red cells was observed to be markediv increased 
m such cases immediately after the injection of a large dose of venom. " The effect 
• was not due to the induced polycythemia, but to the leakage of blood fluid which 
led to the concentration of the blood corpuscles. The protein may also in such 
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volunteer was available fox a free gift of blood and no attempt was made in this 
dicection. 

This method was submitted to very rigid tests and was found quite satisfactorv 
for accurate determination of lead in all biological materials. It consists in 
oxidizing urine (not less than 500 c.c.) and feces (not less than 25 grammes) bv 
means of nitric and sulphuric acids and then extracting the lead with a 
chloroform solution of diphenylthiocarbazone (dithizone). The extract is oxidized 
in the same way and treated with ammonia, ammonium acetate, sodium cyanide, 
and sodium sulphide, and a colorimetric determination is made in the usual wav! 
The method as devised by Lynch et al {Ice. cit.) produces in many cases, especially 
in urine, a yellow coloration which sometimes becomes so deep that the solution 
becomes useless for matching and the experiment has to be abandoned. A slight 
modification casually suggested by the authors but not tried and confirmed by 
them has proved very satisfactory in our hands and in not a single case of this 
series has the disturbing factor spoilt any of our experiments. It consists in 
treating the oxidation products, before and after extraction with dithizone, with 
saturated ammonium oxalate solution and subsequent destruction of the oxalate 
with sulphuric acid. 

It has been shown by Lynch and his co-workers that bone and teeth form 
the lead depots in our system and gradual elimination of lead takes place through 
urine and feces. We have found that the amount of lead eliminated through 
urine is not uniform but shows a wide fluctuation from day to day (vide Table IV), 
while the elimination through feces is fairly constant and the amount of lead is 
much higher than in urine. It has been observed by Leschke (1934) that adminis- 
tration of sodium bicarbonate in heavy doses mobilizes lead from the bones to 
the general circulation and consequently larger amounts can be detected in blood, 
urine, and feces. The examination of urine for diagnosis of lead-intoxication 
is not always a satisfactory procedure as no lead is found in urine if the kidneys 
are damaged. The examination of feces or both urine and feces is useful, especially 
if it is undertaken during a course of heavy doses of sodium bicarbonate. 

In this investigation the samples of urine were collected for 34 hours, without 
adding any preservative, in a large Pyrex flask especially cleaned for this purpose 
and 500 c.c. were measured out for analysis. The feces were collected from 
fresh morning' specimens and were kept covered in a large Pyrex Petri dish and 
25 grammes were taken for analysis. In every case, a duplicate experiment was 
performed. In the beginning of the investigation, the experiments were repeated 
with dry specimens of feces (dried to constant weight) and it was found that the 
factor for conversion of the result from the wet to the dry state was fairly constant 
and was on an average 4 '52. The figures given in the tables indicate lead content 
of fresh specimens of feces. If they are, however, multiplied by the factor 4'52, 
the total lead content of dry feces would be obtained. 

Blanks with known weights of all the reagents and with the same glassware 
used in these experiments were repeated at frequent intervals and the amouih 
of lead found in these reagents and glassware was quite small and constant with 
every new set of reagents. The blank figure was deducted from the figures 
obtained for urine and feces and the actual lead content has been given in the 

tables. 
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Table I. 

Normal and suspected cases. 






£> 

T3 0> 

CO 





■g 

cS £] 

o 

V4 


Religion 
and sex. 



.3 




\ Name. 

Ago. 

Occupation. 

T? - 
cS ® 


' I 

Cj o 






a S • 






O u 

.3 S ‘0 

s5 a 

a 

= a I 




tbS< 

»!=- 1 




3 

w 
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Remarks. 


A. Normal cases. 


1 

H. D. G. 

H. M. 

34 

Chemist 

0 002 

0-0023 

0-1.33 

0 < 

2 

K. B. 

H. M. 

48 


0-003 

0-0031 

0-10 

« • 

3 

S. D, 

H. jr. 

34 

‘ Kavirflj ’ 

0012 

0-014 

0-08 

• • 

4 

R. G. S. 

H. M. 

28 

Clerk 

0-012 

0-013 

• • 


o 

S. C. P. 

H. M. 

25 

Tailor 

0-008 

0-0088 

0-08 


6 

S. S. R. 

H. 31. 

45 

Doctor 

0-008 

0-0082 

0-10 


7 

S. D. 

H. F. 

48 


0-004 

0-0030 

0-08 

Vegetarian. 

8 

S. K. U. 

H. 31. 

33 

Police 

Nil 

Nil 

0-12 


9 

A. K. C, 

H. 31. 

38 

31otor driver 

0-002 

0-0019 

0-10 


10 

N. C. D. 

H. 31. 

38 

Tailor 

0-002 

0'0021 



11 

S. C. S. 

H. 31. 

38 

31otor driver 

0-006 

0-0069 

0-10 


13 

M. M. G. 

H. 31. 

37 

Clerk 

0-008 

0-0067 

0-08 


13 

S. C. M. 

H. 31. 

45 

Police 

0-004 

0-0048 



14 

I. P. G. 

H. F. 

28 


0-002 

0-0019 

0-14 


15 

K. C. B. 

H.M. 

27 

Student 

0-008 

0-0085 

0-14 

• • 

16 

S. C. D. 

H. 31. 

26 

it 

0-008 

0-0088 

0-13 

4 « 

17 

D. D. B. 

H. 31. 

22 

Clerk 

0-012 

0-0129 

0-14 

» • 

18 

A. C, G. 

H. 31. 

.34 

Chemist 

0-006 

0-0058 



19 

P. K. 0. 

"h. 31. 

26 

Zemindar 

0-012 

0-0147 



20 

B. K. G. 

H. 31. 

31 

Clerk 

« « 

* , 

0-10 


21 

P. N. M. 

H. 31. 

35 

Chemist 

0-012 

0-013 



22 

S. M. D. G. 

H. 31. 

31 

>f 

0-012 

0-0125 



23 

B. R. M. 

H. 31. 

37 

Lab. Asst. 

0-016 

0-016 

" 
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Table I — contd. 


Number. 

Name. 

Religion 
and sex. 

Age. 

Occupation. 

Mg. of lead in urine 
per litre. 

Elimination of lead 
through urine 
(mg. per day). 

U) 

O 

o 

.5 

. 

d o 
o ^ 

O n 

. ® 

h-H 

Remakes. 

24 

B. K. G. 

H. M. 

30 

Reporter 

0-016 

0-0161 

0-14 

• • 

25 

R. C. C. 

H. M. 

30 

Doctor 

0-012 

0-013 

0-12 

• • 

26 

K. B. 

H. F. 

19 

• • 

0-013 

0-0093 

• • 

Died of arsenical poisoning. 

27 

M. K. 

M. M. 

30 

Clerk 

Nil 

Nil 

-• 

•• 

28 

M. H. 

M. M. 

31 

99 

0*026 

0*027 

•• 

•• 

29 

A. H. 

M. M. 

24 

Student 

0-042 

0-042 


• • 

30 

K. H. 

M. IM. 

26 

>» 

0-004 

0-0044 

• • 

•• 

31 

K. A. 

M. i\r. 

24 

99 

0-02 

0-02 

0-16 

•• 

32 

M. K. 

M. M. 

28 

99 

0-004 

0-0043 

0-14 

.. . 

33 

M. L. 

M. M. 

26 

99 

0-012 

0-0123 

0-12 

•• 

34 

M. H. 

M. M. 

25 

99 

0-008 

0-0094 

0-16 

-- 

35 

A. K. 

M. M. 

26 

99 

0-004 

0-004 

•• 

-- 

36 

M. I. 

M. M. 

27 

99 

0-008 

0-0087 

0-14 

•• 

37 

M. N. A. 

M. M. 

34 

Doctor 

0-012 

0-013 

0-12 

•• 

38 

I. S. 

M. M. 

40 

Farmer 

•• 


0-12 

« 

39 

A. K. 

M. M. 

30 

Student 

0-023 

0-023 

0-14 

-- 

40 

M. J. 

M. M. 

25 

99 

0-022 . 

0-024 

0-10 


41 

M. S. M. 

M. M. 

40 

‘ Durwan ’ 

0-026 

0-028 

•• 

•• 

42 

N. A. 

M. M. 

32 

Student 

0-012 

0-012 

0-13 

•• 

43 

E. K. 

M. M. 

28 

It 

0-008 

0-008 


-- 

44 

H. J. B. 

A. I. M. 

20 

99 

0-032 

0-033 

0-16 


45 

S. K. E. 

A. I. M. 

21 

99 

0-024 

0-024 

-- 

• • 

46 

E. H. H. 

A. T. M. 

21 

99 

0-028 

0-028 

0-13 

• • 

47 

C. D. B. 

A. I. M. 

23 

99 

0-036 

0-039 

0-13 

• • 

48 

C. H. J. 

A. I. M. 

22 

99 

0-04 

0-048 , 

• • 

— 
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Name. 


49 L. D. R. 

50 M. C. 


61 


J. C. M. 


62 S. C. C. 
53 N, O. 


Religion 
and sex. 

Age. 

Occupation. 

Mg. of lead in urine 
per litre. 

Elimination of lead 
through urine 
(mg. per day). 

_ 

Mg. of lead in fieces 
per kilo. 

A. I. M. 

24 

Student 

0-024 

0-025 

•• 

A. I. M. 

22 

j 

0-03 

0-03 

•• 

A. I. M. 

42 

Electrician 

0-028 

0-035 

0-15 

A. I. M. 

60 

Optician 

0-032 

0-033 

0-18 

A. I. M. 

45 

Merchant 

0-036 

0-041 

0-17 


B. Suspected cases (press employees, etc.). 


64 

R. C. D. 

H. M. 

40 

Compositor 

0-06 

0-066 

2-40 

65 

H. G. D. 

H. M. 

48 


0-364 

0-374 

2-28 

66 

S. N. M. 

H. M. 

22 

Student 

0-03 

0-03 

1-07 

57 

M. M. 

H. M. 

24 

Solderer 

0-124 

0-219 

1-05 

58 

N. G. 

H. M. 

53 

Compositor 

0-054 

0-059 







1 

0-032 

0-035 

0-6 

69 

P. K. D. 

H. M. 

21 


1 

1 

0-010 

0-011 

0-18 

60 

K. P D. 

H. M. 

1 

24 

1 

j 

0-066 

0-164 

1 


61 

R. N. 0. 

H. M. 

— 

J> 

0-008 

0-008 

0-14 

62 

N. C. B. 

H. M. 

61 

J> 

0-028 

0-028 

•• 

63 

R. N. D. 

H. M. 

50 


1 

0-024 

0-027 

•• 

64 

A. N. C. 

H. M. 

45 

» 

0-051 

0-052 

, , 

66 

R. L. G. 

H. M. 

60 

Stereotypist 

0-068 

0-065 


66 

B. B. 

H. M. 

— 

Compositor 

0-008 

0-009 

C-10 

67 

B. 



1 

0-144 

0-161 

4-46 

M. M. 

30 

1 







” 1 

0-068 

0-064 , 

1-14 


RBSIAEKSi 


Epigastric pain, constipation, 
and nerve disorders. 

Wasting of intrinsic muscles 
of hands with fine tretaor. 

Blue line on gums. 

Blue line on gums. 

After treatment. 

Blue line on gums and colic 
pain. 

Irregular heart and low blood 
pressure. 

Blue line and high blood 
pressure. 

Neuritis in both hands. 

High blood pressure with 
albumin in urine. 

Blue line. 

During treatment; 


Number. 
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Name. 

Religion 
and sex. 

Age. 

Oocupation. 

Mg. of lead in urine 
per litre. 

Elimination of lead 
through urine 
(mg. per day). 

Mg. of lead in feces 
per kilo. 

A. S. 

M. M. 

28 

Compositor 

0-012 






( 




A. R. 

M. M. 

40 

Bookbinder J 







in a press. ) 







1 




M. E. A. 

M. M. 


Compositor 

0-004 


•• 

K. M. 

A. I. M. 

26 

f* 

0-53 

0-525 

4-50 




f 


0-414 

2-86 

R. 

A. I. M. 

28 

Lino-worker-! 







1 



0-80 


68 

69 

70 

71 

72 


Eeatabks. 


Blue line. 

Epigastric pain and heart 
trouble. 

After treatment. 
Gastro-duodenal ulcer. 

Blue line. 

Blue line. 

After treatment. 


Note. — H. M. — Hindu male. 

Sf. M. — Mohammedan male. 


H. E. — Hindu female. 

A. I. M. — Anglo-Indian male. 


Table II. 


Lead in normal urine and faces (mg. per litre or kilo). 




XJkike. 



Fa:ces. 



Minimum. 

Maximum. 

Average. 

Minimum. 

Maximum. 

Average. 



Hindus 

Nil 

0-016 

0-008 

0-08 

i 

' 0-14 

0-11 

Mohammedans . . 

Nil 

0-026 

0-014 

0-10 

0-16 

0-13 

i 

Anglo-Indians . . | 

0-024 

0-040 

\ 

0-031 

0-13 

0-18 

0-15 
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Table III. 

Lead in urine and faces of printing press cmployees—some 
tvitji definite signs of lead-poisoning 
{ntg. per litre or kilo). 



IDniniuni. 

Maximum. 

! Average. 

Urine 

0-004 j 

0-53 

0-107 

Faces 

0-100 

4-60 

1-630 


Table IV. 


Daily variation in excretion of lead in urine and faces {mg. per 

litre or kilo). 


Case number. | 

( 

Ist day. \ 

2nd day. 

3rd day. 

4th day. 

5th day. 

6th day. 

1 

1 7th day. 

Urine. 

57 

0-103 

0-238 

0-102 

0-122 

• • 

0-089 

4 

0-121 

60 

0-063 

1 i 

0-165 

0-152 

O-lll 

-- 

0-077 

0-103 


Faxes. 


j 

57 j 

1 .3-23 

1 ] 

3-2 

! 2-8 

1 

2-8 

1 

2-4 

60 i 

3-15 

1 

1 

•• 

•• 

2-9 

2-9 

i 


Table V. 

Variation of lead content of urine according to nationalities 
{mg. gjer litre). 



Minimum. 

' Maximum, j 

1 

Average. 

Authority. 

German . . 

0-01 

0-650 j 


Litzner and Weyrauch (1933) quoted 

American 

0-04 

0-080 i 

0-05 

by Boss and Lucas (1935). 

Kehce ei al. (1036) quoted fay Boss and 

British 

Nil 

0-133 1 

0-04 

Lucas (1935). 

Francis, Harvey and Buchan (1929). 

Australian 

0-02 

0-050 

0-04 

Cooksey and Walton (1929). 
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I 


Lead in Urine and Fwces. 


We have examined 53 normal cases, i.e., persons not having any reasonable 
chance of exposure to lead in performing their legitimate duties, and 19 suspected 
cases, i.e., persons employed in printing presses and factories where they are 
exposed to lead, and the result obtained so far is interesting. It will be found 
{vide Table II) that Hindus excrete the smallest amount of lead in urine and feeces, 
while Anglo-Indians excrete the largest amount and Mohammedans occupy an 
intermediate position. Boyd and Gangul}’’ (1932) examined 36 samples of normal 
urine of Hindus, Mohammedans, and Europeans by the qualitative method of 
Eairhall and they obtained similar results. It appears that diet is possibly the 
determining factor for these differences and that there is a relationship between 
the lead content of the common foodstuffs taken by different communities and that 
of the human tissues and excreta. An investigation in this direction has just been 
taken up under the auspices of the Indian Eesearch Eund Association. 


Summary. 

The amount of lead eliminated by Indians in the fseces is about 10 times the 
amount in urine. In the case of the Anglo-Indians it is about 5 times. The 
average amount of lead in the urine of Indians is much less (about 1/3) than is 
found in the urine of Anglo-Indians which shovv’s a close resemblance in this respect 
to that of the Europeans and Americans. Hindus and Mohammedans also show 
a difference in the amount of lead in urine and faeces. 

Eor a chemical diagnosis of lead-poisoning, examination of both mine and 
fseces is useful. 
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In the last few years considerably enhanced importarfee has been given to the 
question of human cysticercosis caused by Gysticercosis cellulosce on account of 
the work of several officers in the Royal Army Medical Corps whereby they have 
shown that systemic cysticercosis, especially in the case of brain involvement, 
is a fairly common and often fatal disease in British soldiers. They have also 
demonstrated that nearly all of the men so affected have served or are serving in 
India, and apparently acquired their infection here. The importance of this 
condition to India is thus clear, and as there is no apparent reason why British 
soldiers should be the only ones affected in this way it was considered worth while 
to try and discover from published records what evidence there is of the preseiice 
of T. solium and C. cellulosce among the indigenous population. The result of 
this search of the literature is summarized below. It is not claimed that the papers 
quoted give a complete record of all there is on the subject, but it is all that 
we have been able to find in the literature available, and as they include all of 
importance in the two principal medical journals of India as well as references to 
several English journals it is probable that not a great deal of valuable information 
has been missed. For the sake of simplicity the paper is divided into three parts, 
one dealing with C. cellulosce, two with T. solium, and the third a discussion of the 
problem so revealed. 

Cysticercosis. 

The editorial in the Indian Medical Gazette for November 1870 is devoted to 
a discussion on the importance of tapeworms in India with special reference to 
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‘ measly ’ pork and beef, and in tliis article we are taken back to tbe year 1844, 
for a report in that year on smallpox in Calcutta, by a Dr, Duncan Stewart, is 
quoted in wbicb be refers to the frequency with which pork has to be thrown 
away on account of what is obviously cysticercus infection. The editorial proceeds 
to enlarge on this fact, and in the light of inquiries made in the year 1870 makes the 
following statement, which we quote at some length : ‘ The native pig slaughterers 
are quite familiar with the measle in pork and have a name for it — dalim 
or dalimb. It is never seen in home-fed pigs but in the mofussil pigs it is very 
common, especially those from certain districts ; while pigs imported from other 

parts are entirely free from it 'While evidence of cyst-infected pork is thus 

abimdant, it is impossible to say to what extent tapeworm is caused by its con- 
sumption. Among 1,322 preparations which are described by Dr. Ewart in the 
catalogue of the museum of the Medical College there are only three specimens of 
Tcenia solium, and two of these are without a head. In an article in the Medical 
Times and Gazette for 1857, Tcenia solium is said to be not uncommon in 

India '. . It is plain then that country pork should be most studiously 

avoided ; but if the feeding of pigs in India or elsewhere is properly conducted 
there is little fear of contracting tapeworm ’ 

The interest of this quotation at the present day lies in the fact that, as far 
as the writers have been able to ascertain, they apply to conditions in Calcutta 
to-day as well as they did on the day the article was written, in spite of the great 
improvement in preventive medicine. 

The first record of human cysticercosis appears to be the report by Armstrong 
(1888) of the finding of C. cellulosai in the brain and heart of a criminal lunatic who 
died in Nellore gaol in 1887, and in tbe same report he remarked that this infection 
is said to be very comtnon in Madras. The next record is that of Williams (1906) 
who removed a cyst from the tongue of a prisoner in Coimbatore gaol. This was 
identified as C. cellulosce, and he mentions in the same paper that he found the 
same parasite in the brain of another prisoner who died of pneumonia. Elliot 
and Ingram (1911) removed a cyst of C. celhdosce from the eye of a French Eurasian 
from Pondicherry, and in the same paper they call attention to a post-mortem on 
a Hindu male, previously recorded in the Annual Eeport of the Madras Hospital 
for 191(}-, in which numerous cysts were found in the brain. 'A heavy infection 
of the brain and skeletal muscles was reported by Trimurti (1911) in another Hindu 
admitted to the Madras Hospital with a history of sudden onset of paralysis and 
who died two days later with symptoms resembling those of meningitis. Campbell 
and Thompson (1912) saw a similar heavy infection in a Hindu in Madras Presidency. 
The next reference we can find is that by Wright (1923) who removed a 
sub-conjunctival cyst, also in Madch^s. This was subsequently identified by Leiper 
as 0. Cellulosce. Two years later. Ware (1925) recorded two cases of cysticercus 
infection in the eye and one in the brain in the same locality. 

These ten cases are all that can be found in the literature which covers a 
period of 59 years. 

Since the importance of this condition has attracted the attention of path- 
ologists in the Koyal Army Medical Corps a good deal of work has been done 
on°the subject and Dixon and Smithers (1934) give a summary of the cases 
they were able to collect in the records of the British army and they list 71, o 
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which number 61 had been in India shortly before or at the time they first 
showed signs of cerebral involvement* In only 17 of these 64 cases is 
there any history of an adult worm being present ; three of these were identified 
as T. soiium, one as T. su()imla, and the remainder was unidentified. In a final 
valuable summary of the position in which the question is discussed in every aspect 
the same authors, DLxon and Smithers (1935a and b), add another eight cases to the 
above. All of them had been in India and in four the adult worms as well as 
cysticerci were found, these were identified as follows ; 1 saginata, 1 solium, 1 not 
identified, and 1 identified on two separate occasions as solium and saginata 
respectively. This brings the total number recorded by these workers to 72 in 
which 21 had adult tapeworms as well. Since that time Lipseombe (1935) and 
Dogra and Aliern (1935) have recorded two more cases in British soldiers, both 
of whom were in India. Lipscombe’s case passed a T. soliwn after treatment. 
To these might be added eight cases reported by Lindeman and Lyburn (1935) in 
Khartoum, for they found, in a regiment recently transferred from India, two 
cases with fits and cysticerci, two cases with cysticerci with no symptoms, and 
four cases with suggestive nervous signs but no demonstrable cysticerci. This 
gives a grand total of 82 cases in 22 of which there were also adult tapeworms. 

The first case in DLxon and Smithers’ list was recorded in 1892 and before 
the next there is a gap of about 22 years so that 81 cases have been reported over 
a period of about 23 years in British soldiers who had served in India. This is 
in striking contrast to the ten cases in 59 years recorded from the indigenous 
population. 

Morrison (1936) has found ample evidence of pig infection wdth C. cellulosce 
in South India. 


Tmiia soliwn. 

Although it is clear from the editorial in the Indian Medical Gazette, already 
referred to, that tapeworm infection with both T. soliwn and T. saginata must be 
common in India no special surveys have been made to ascertain the incidence 
of these infections nor to distinguish between them so that any early references 
to the subject in Indian medical literature are only vague remarks regarding the 
presence or absence of Taenia in various parts of the country. 

In the last twenty-five years, surveys, with the object of finding the incidence 
of helminths, have been undertaken, but most of these had as their primary object 
the investigation of hookworm prevalence so not much attention was paid to other 
worms. A certain number of the workers have noted the other worms or their 
eggs that were encountered in the course of their surveys, and these records are 
all that is available on the subject of tapeworm in India, 

The first survey of this nature that we are able to find is that of Lane (1909) 
who recorded finding the ova in five and the proglottides in fifteen of the prisoners 
in Monghyr gaol, this gave an incidence in the gaol population of 3'75 per cent. 
All of these infections were said to be T. solium. The next report is that by Sinton 
and Baily (1916) who, without giving figures, say that T. saginata is sometimes 


* The references of this series are given both in the paper quoted here and also 
Smithers (19356) so they are not repeated in this paper. 


in Bison and 
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found in Koliat but that T. solium is unknown. Mhaskar (1917, 1919) in the 
coolie emigration depot at Negapatam found 30 T. solium and 24 T. saginata out 
of 5,882 examinations, and in the town itself he found 11 solium and 13 saginata;. 
in Trichinopoly gaol there were 1 soliu7n and 1 saginata out of 612, while in Dindigul 
town he found 4 solium and 2 saginata out of 412. All these cases of Mhaskar’s 
appea,r to have been diagnosed by recognition of eggs in the stools and not by 
examination of segments. It should also be noted that as Mhaskar was primarily 
concerned with estimating the hookworm infection rate any given stool examination 
ceased when a hookworm egg was found, so it is probable that some tapeworm 
cases were missed. Korke (1926) recorded one case of saginata in .Singhbhum 
and 6 in Bihar ; here again it is probably only eggs that were seen. Amongst 
the troops at Debra Dun Coveil (1926) discovered 50 Tcenia infections out of 
1,188 stools examined using the ‘ D.C.F.’ method. As Tce^iia eggs do not usually 
rise to the surface by this technique and Hymenolepis eggs do, it seems. doubtful 
if any of Covell’s cases was even Tcenia, quite apart frotn which species of the latter 
was involved. 

Chandler (1926-1928), in his somewhat sketchy survey of the whole of India, 
came to the conclusion that Tcenia infections were practically non-existent among 
Bengalees, but that in Northern Bengal they are very common among the hill people, . 
who are in the habit of eating raw or improperly cooked beef and pork, so it is 
probable that both T. soliutn and T. saginata are present. In the examination of 
12 ‘ random ’ specimens from Kalimpong, however, he only found the, latter 
species. In Assam no Tcenia were found and in Burma the infection was confined 
to the Shans, 5 per cent of whom were positive ; unfortunately no diagnosis was 
made of the species harboured. In Bihar he found 2 Tcenia out of 1,020 and in 
the United Provinces 6 out of 823 stools examined. Only two cases were found 
in the whole of North-Western India, including the extensive area of the Punjab 
right up to the Frontier. In Central India and Bombay he found only three cases, 
all in the vicinity of Jubbulpore. In Madras and South India Chandler found 
1 Tcenia infection in 1,603 stools examined. He quotes figures given him by 
Kendrick who found approximately 122* Tcenia infections out of a total of 34,817' 
examinations, and because he himself found 3 per cent of H, 7iana infections in 
his small series assumes that most of Kendrick’s cases are of the latter species and 
not Tcenia at all. This assumption appears unjustifiable especially as Mhaskar, 
working in the same part of India, recorded several Tcenia infections but did not 
mention Hymenolepis. 

This is as far as the published records we have been able to find take us, and 
it must be admitted that when the immense population of India is considered 
these figures are so small as to be useless in arriving at an estimate of the incidence 
of Tcenia infection. From the point of view of the present inquiry, which only 
has T. soliujn under consideration, the information is still more unsatisfactory, 
for it is doubtful if any of the records can be regarded as definitely incficative of 
T. solium because they have nearly all been made from egg examinations only, 
and it has been shown by Maplestone (1937) that differentiation of the eggs of 


* Tbo ficfures are given in Kendrick’s table in percentages with a decimal point so the figure given 
is only apprc^imate as the actual number of infections found in each series could not always be aeter- 

mined. 
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T. solium and T. saginata is not possible. Tlie only instance where proglottides 
are mentioned is in the case of Lane {loc. cit.), but he makes no special mention of 
having examined the segments and also refers to eggs in five of his cases, so it is 
possible that no definite diagnosis was attempted. Chandler apparently examined 
12 worms from a locality where it might have been anticipated T. solium would 
be found, and all of them were T. sagimta. 

Smce the Calcutta School of Tropical Medicine has been opened all the tape- 
worms recovered have been carefully examined and the species determined. Out 
of 137 cases treated only one T. solium infection has been found, and this 
surprisingly in a hlohammedan. The writers have two other unpublished records 
of T. solium that they have examined. The first of these was a worm sent from 
Lucknow ; it had been removed by treatment from a British soldier who was 
considered to have contracted the infection in that station, and the second was 
found in a girl in Puri district under the following circumstances : — 

Kecords of the district of origin of cysticercus infected pig was obtained from 
the Calcutta slaughter-house and a number were reported to have come from the 
Puri district, where it was possible to actually determine the villages the pigs came 
from. A visit was paid to the area and a few stools were collected from the inhab- 
itants who were pig-breeders. Sixty-four stools were collected and in one passed 
by a girl undoubted segments of T. solium were found. It was difficult to carry 
out even this small investigation because of the ignorance and suspicion of the 
villagers, and for this reason treatment was refused by the infected person, so the 
whole worm was not recovered. Also further work could not be carried out at 
this time for want of personnel and funds to conduct a more extensive survey. 

It is probable that more definite information will soon be available from army 
records regarding the incidence of T. solium among British troops, for it is believed 
that in future all tapeworms have to be identified [Dixon, in Dixon and 
Smithers (1935a), records 1 T. solium in 50 tapeworm cases at Poona in British 
soldiers during the years 1928 to 1932]. This information, when it is made- 
available, will certainly be of value but it will not touch on the root of the trouble. 
This will not occur until records from the indigenous population are collected. 

Discussion. 

The above summary of the available information regarding C. celluloses and 
T. solium in India presents several peculiarities that appear worth consideration. 

The first of these is the apparent rarity of T. solium in the indigenous 
population and the relative frequency of C, celluloses in pigs slaughtered in various 
parts of the country. Man is the only known host of the adult worm,- so unless 
some other not yet recognized host of this worm exists (a most improbable 
contingency) it must be accepted that T. solium is more common in India than 
present records indicate. This contention is, to some extent borne out by the 
rapiffity with which one case of T. solium infection was found when it was looked 
for in a probably favourable locality, indicated by working back from infected 
pigs slaughtered in Calcutta to the place where they were bred. Our ianorance 
on this point can be readily explained by the fact that nearly all the people in 
India who have to do with pigs are of low caste and illiterate, and they live in 
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primitive fashion in places remote from centres where skilled medical attention 
is available, so it is conceivable that a fair proportion of them harbours tape- 
worms. These worms as a rule cause little disturbance to health, so it is possible 
their presence is ignored by their ignorant hosts, and hence no record of their 
presence gets into medical and public health returns. 

The matter of cysticercosis is, however, somewhat different because it seems 
unlikely that even these low-caste people would allow their relatives to die without 
going to considerable trouble to obtain medical aid for what must appear to 
them as a mysterious and terrifying disease as it frequently gives rise to fits and 
mental derangement for prolonged periods before death occurs. On this account 
it seems unlikely that the paucity of records in hospital returns of cysticercosis 
is altogether misleading, and it is considered probable that this condition is not 
very common in Indians. On the other hand, the experience of the military 
authorities who, since they began to look for it, have found 81 cases in about 23 
years among the comparatively small numbers of the British army in India in 
contrast to the immense indigenous population suggests that the disease must be 
more common than we realize. 

^One possible explanation of the apparent diSerence in the incidence of 
cysticercosis in British soldiers in India and its native-born inhabitants being 
real and not due to lack of information suggests itself to us. There may be a 
relative immunity or at least enhanced resistance to infection in the local inhabit- 
ants, especially in those who have been living in close contact with pigs for many 
generations and under very insanitary conditions so that the opportunities for 
infection with both T. solium and C. celluloscB were always present, and that this 
state of affairs has lasted so many years that resistance to infection with the larval 
stage is now tramsmitted hereditarily. British soldiers, many of whom seem to 
acquire this infection soon after their arrival in India, would not be expected to 
have any acquired or transmitted resistance to helminth infections, and would 
consequently be much more readily infected if the opportunity arose. There is 
no evidence at present that such immunity can occur in the case of (7. cellulosce, 
but the possibility is suggested by the work of Penfold and Phillips (1936) who 
have shown that immrmity can apparently be acquired to an infection by C. bovis 
in the case of calves. This is of course a long way from showing that resistance 
can be transmitted but it is at least suggestive of the possibility. 

Another unusual feature in the case of the soldiers is that out of 82 recorded 
cases evidence of previous infection, or infection at the time they were found to 
be suffering from cysticercosis, with an adult worm was only obtained in 22. it' 
has been suggested on good authority and as the result of personal experience or 
a well-known helminthologist in England, that autodigestion of mature segnren s 
occurs so that an infection may persist for years without any evidence or i s 
presence being manifest in the stools. This in the one instance referred o is 
undoubtedly true but it seems improbable that it can be common enough to exp am 
the fact that at least 73 per cent of infected soldiers had unrecogmzed 
infections and acquired their cysticercosis by autoinfection. As opposed o le 
above single instance of prolonged digestion of tapeworm segments, ^ 

in two cases of experimental infection with T. solium may be quoted. " . 

these cases began to pass segments about three months after being 
and they passed segments daily as long as the infection was allowed to , 
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though it must be admitted this was not longer than a fortnight on account of the 
danger of cysticercosis being acquired by these persons. It is accordingly suggested 
tliat it seems likely that most of the soldiers acquired their infections in the 
irormal manner, that is by swallowing eggs and not by eggs from worms in their 
own intestines, although it must be admitted that no explanation is at present 
forthcoming as how these eggs came to be swallowed. 

It is also surprising to note that Dixon and Smithers (1935(i) consider most 
of the soldiers became infected in Northern India whereas all the local records of 
cysticercosis in the indigenous population come from Madras Presidency. 

This brief survey of the puzzles in the epidemiology of T. solium and 
cysticercosis in India suggests two possibilities ; one that there are factors in the 
transmission of these infections with which we are at present not acquainted, and 
that the accepted life-history of this worm is subject to certain modifications 
depending on local conditions, and the other is that our records are at present 
altogether misleading. Whichever of these be accepted it is clear that there is 
a great deal to be known about the epidemiology of this parasite in India before 
the disease can be adequately controlled. 
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j of fcEe epidemiology of most of our common diseases Las 

aneady been firmly drawn and a great many details have been filled in, though 
the picture caimot be claimed, in many cases, to have yet been completed, "With 
epidemic dropsy we are in a much less happy position. Since the disease first 
a racted attention fifty-eight years ago, quite a volume of literature has 
accumu ated on the subject, but epidemic dropsy cannot be listed amongst 
e conquerfed diseases. "^Vheh, therefore, towards the beginning of 1935, the 
° -“ranphum, Bihar, was in the grip of a raging epidemic of dropsy 
rii; f ^ S'Uirumstrators looked for basic knowledge on which to formulate their 
Tnofif Calcutta School of Tropical Medicine and the All-India 

^ Hygiene and Public Health jointly organized an inquiry under four 
clinical and experimental, (ii) epidemiological, (iii) 
we •nrnnnJ.^T i biochemical. In this and subsequent communications 

P P 0 eal mainly with the epidemiological aspects of the inquiry. 

Historical. 

as eifidpnifn the available records a ‘ new disease ’ which we can now recognize 
as epidemic dropsy first made its appearance in Calcutta in 1877 (Smith, 1880), 
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tbougli Chambers ,(1880) would have us believe that ‘ the disease has been prevalent 
in India since the famine of 1866 Cayley (1878) was the first to describe the 
clinical signs and symptoms of eight cases which resembled epidemic dropsy in all 
respects, but the swelling of the upper extremities and the face seems to have been 
more common in his cases than what is usually observed in recent epidemics. 
Payne (1879), in his report on the health of Calcutta for the 3rd quarter of 1878, 
also alluded to this new disease. McConnell (1879) also referred to this recurrence 
of the disease in November 1878. Its leading features were fever, antemia, 
exhaustion, and oedema of the feet and ankles and also of the upper limbs, the 
face, and the neck, and in rare instances of the whole body. He ascribed the 
symptoms to the attack of malaria in persons of low vitality due to lack of proper 
nourishment. The dropsy, he thought, was due to the effect of cold and damp 
during fever, excessive rains contributing towards these conditions. Crombie 
(1879) reported the prevalence of ‘Acute (Edema in Dacca ’, some months after it 
had started in Calcutta. He noted that he had seen an exactly similar case at a 
lecture demonstration in the Eoyal Infirmary at Edinburgh in 1866. O’Brien 
(1879a) reported 12 cases of ‘ Acute (Edema ’ and thought that the disease was 
due to lateness of -rains and consequent excessive humidity affecting a population 
with a scorbutic diathesis and suffering from chronic malnutrition. However, 
in Ma}'-, the same year, this investigator (O’Brien, 18796), having studied 200 cases 
in Shillong, abandoned his previous notions of the aetiology of the disease in favour 
of ‘ contagion theory ’ basing his opinion on the following observations, viz. : — 


(1) the disease broke out as a widespread epidemic in parts of Assam, 

shortly after its appearance in Calcutta and Dacca, 

(2) it attacked the entire households and from there spread to the houses 

of friends visiting them. Concrete examples of such extensions 
were cited, 

(3) the climate of Shillong was dry and warm at the time of the outbreak. 

The association of scurvy and dropsy was accidental. 

Thus O’Brien was the first to advance the contagion theory of the aetiology 
of epidemic dropsy. 


A society of leading medical men, called the ‘ Calcutta Medical Society was 
established early in 1880 and some very interesting observations regarding epidemic 
dropsy were made in its monthly meetings {Indian Medical Gazette, 1880). The 
Editor, Indian Medical Gazette (1880), remarked that ‘ even as regards the question 
of infectiousness, it is impossible as yet to pronounce a decided opinion. It is 
certainly a spreading disease ; but the spread is slow, continuous, and affecte 
by seasonal conditions. It also affects groups of people, households, whom i 
attacks simultaneously, or in rapid succession; but whether the cause is communi- 
cable or common it is not easy to say Deakin (1880), from an mvestiga ion 
of an outbreak in the Allahabad jail, thought that this was due to contamnm ion 
of the water-supply from a particular well. Khastagir (1880), on the ^^her an , 
thought that the ‘ new disease ’ was of an infective nature and all fhe raucou 
surfaces of patients were affected. The epidemics of 1878 to 1880 in a ra a, ■ 
Shillong, and Mauritius were admirably reviewed by McLeod (1893), to w o 
owe the present name of this ‘ new disease ’. He concluded that the ma a y 
communicable from person to person and portable by human agency, u 
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diffusion was feeble and depended on seasonal and other conditions which modified 
its epidemic vitality and determined its transmission and extension. He further 
held that ‘ the unit group was the family or household, and the composite group 
the community of families of the same race, caste, or occupation and habits asso- 
ciating in domestic intercourse, work, workshop, etc. ; this grouping furnished 
the key to diffusion and progress of the epidemic. Lovell (1881), however, 
claimed that the epidemic at Jlauritius in 1879 was not contagious. 

For some years following McLeod's observations, reports were received from 
various places in Bengal and Assam about epidemics of dropsy. Eogers (1902) 
reported a mild recurrence of the epidemic in Calcutta in 1901 and Cobb (1903) 
described an outbreak in the Barisal jail which he thought was due to infection 
through the intestine. Deaths from this disease continued to be recorded 
(Mazumdar, 1933) in Calcutta every year during 1905 to 1931 with occasional 
exacerbations. Cases were also reported from Howrah, Kurseong, Mymensingh, 
Chittagong, Sylhet, Gauhati, and Shillong (McLeod, 1909). Daley (1908) report- 
ed fifty cases in the Reformatory School at Alipore. S. Anderson (1908) reported 
an outbreak in the Comilla jail, where he found a remarkable grouping of cases 
and concluded that the disease was of the nature of an exanthem. 

3Iunro’s (1908) report on the outbreaks in Darjeeling district is interesting 
and serves as an introduction to the present-day theories of the aetiology of epidemic 
dropsy. Discarding his previous conception of place infection, he discussed the 
following possibilities ; — 

(i) an infection of bacterial or parasitic origin, • ■ 

(ii) a disorder of nutrition, or 

(iii) a chronic food intoxication. 

By a process of elimination, he concluded in favour of the last-named 
hypothesis. 

As regards the specific offending article of diet he argued that it should be 
common to both the epidemics investigated bj' him and that it should be one con- 
sumed in large amounts. Rice appeared to him to be the most likely agent though 
he thoiight dais should not be dismissed from consideration. He further 
observed that the disease appeared during or after the rains when local rice was 
scarce and imported rice was mostly used. In order to explain his observation 
that sometimes only a single member of the household was affected he contended 
that all sources of supply were not likely to be poisoned and even in a particular 
stock the poisonous elements were not evenly distributed. Moreover, the 
resistance of different individuals to the disease varied greatly. It is in Munro’s 
report that we find the first reference to mustard oil as a causal agent. The author 
himself did not believe it to be so, but he simply mentioned it as a popular belief 
with the laity. According to Basu (1935), Mitra, as a result of his investigations 
at Howrah, was the first physician to incriminate mustard oil as the causal agent. 
Delany (1908), who made investigations into the causation of epidemic dropsy or 
beri-beri in Eastern Bengal, advanced a theory that epidemic dropsy was a 
specific, mfectious or bacterial disease and that it was conveyed from person to 
person by bed bugs. 

Lukis (1908) made some very interesting clinical observations in Calcutta. ' He 
came to the conclusion that ‘ epidemic dropsy is of the nature of an angio-neurotic 
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cedema and that it is closely allied to such diseases as urticaria, erythema nodosum, 

and the lilje If then, epidemic^dropsy is allied to the urticarias it is probably 

due to some form of sepsis Against the theory that epidemic dropsy was a 
form of heri-heri, he put forward two arguments, viz .: — 

(1) complete absence of paralysis or ana3sthesia and the exaggerated 

knee-jerk, 

(2) ‘ the fact that although heri-heri has been for years endemic in the 

Chinese quarters, there is no sign of any increase of the disease in 
that locality. On the contrary, during the past year fewer cases 
of heri-heri have been admitted into the Chinese ward of the Medical 
College Hospitals than has been the case in the former years, and 
I have never seen in a Chinaman any case resembling in the remotest 
degree the epidemic dropsy which is now prevalent 

Campbell (1908) reported a rather severe outbreak in the Dacca Lunatic 
Asyliim where 135 out of 270 persons were attacked with the disease, giving a 
case incidence of 57‘4 per cent. The author discussed various possibilities 
regarding the causation of the outbreak and produced strong evidence against 
the disease being communicable from man to man. The facts on which he based 
his conclusions were : — 


(i) that very few inmates were pemitted outside the Asylum., 

(ii) that males and females lived in entirely separate blocks and there were 

no means of communication between them and yet the disease broke 
out equally on the same day in both parts, 

(iii) that of the 17 dangerous lunatics confined in entirely separate cells, 

15 were affected during the outbreak, 

(iv) that no member of the staff nor visitor contracted the disease, and 

The author then concluded that rice consumed by the lunatics was probably 
the cause of the epidemic, though he thought of fish also as a possible source ot 
, the trouble. 


The year 1909 saw a moderately big epidemic of dropsy in Calcutta when 
433 deaths due to this disease were recorded. At Howrah also it attracted serious 
attention of the medical practitioners as well as of the Government. _ Sen (1909), 
alluding to the disease then prevalent, made the following observations, ‘ many 
of us have seen the awful miseries the disease is causing in affected families, for 
we have never seen a more widespread disease than this. Mdien it attacks a family, 
almost all the members are affected. We have seen epidemics of cholera, sma 
pox, and plague, but I think I am not exaggerating a bit when I say that, all these 
are more mercifol and leave a larger number ,of members free than this disease, 
in any affected family ’. He attributed the disease to the consumption oi mus ar 
oil adulterated with some mineral oil. Ghosh (1910), on the other 
this hypothesis and argued that epidemic dropsy was due to some m ec i 
through food, probably rice. 

About this time, Megaw (1910) interested himself in the problem of ® 

called ‘epidemic dropsy type of beri-beri’ and published his first 
■subject, further reference to his work will be found below. Greig (l^l , ) 

made a detailed investigation on the outbreak of epidemic dropsy m Oa 
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1909 and concluded that it resulted not from infection or intoxication, but from 
the habitual consumption of unbalanced _ diet. He laid special emphasis on 
sustained deficiency of organic' phosphorus in the food of races 'which were subject 
to epidemic dropsy’ and produced epidemiological, biochemical, and experimental 
evidence in support of his theory. He ascribed sharp outbreaks to high prices 
of foodstuffs which caused sudden upsetting of balance in the diet of the people 
who ordinarily lived on the margin of starvation. Greig s objection to the 
infection theory was b'ased on the following observations, viz.: — 

(1) of '33 households in which cases of epidemic dropsy were imported, 

further cases developed only in two. 

(2) of 404 houses with a history of epidemic dropsy, in 163 instances 

single cases were reported and of thgse only 79 proved to be epidemic 
dropsy. Most of these cases were imported. Multiple cases in 
the family were the rule. From this he argued that the diet was 
to blame. 

(3) Megaw inoculated himself with 3 c.c. of blood from a case of epidemic 

dropsy without any ill effects. i 

(4) in wards Nos. 5 and 7 where the disease was rife and where the Marwari 

population was predominant, epidemic dropsy was confined to the 
Bengalees and claimed no victims amongst the Marwaris. 

(5) cases' have been treated in open wards, without giving rise to secondary 

cases. 

(6) blood, stool, etc., proved negative on examination. 

Greig, lilce Munro, found that the lay public blamed mustard oil, which they 
believed was adulterated with some unknown mineral oil. He ruled this out as 
an astiological agent, basing his arguments on the following observations : — 

(i) ‘ bloomless oil a sort of mineral oil, which was especially blamed was 

added to the food of some pigeons, but no deleterious effects were 
noted. 

(ii) an epidemic of dropsy broke out in the Busti jail in U. P. where only 

jail-made mustard oil was issued to the prisoners and ‘ it was not 
at all likely that adulteration with petroleum could occur ’. 

Greig’s investigations attracted very wide attention and the Editor of the 
Journal of the American Medical Association (1911), noting the complete immunity 
of the Marwaris, remarked that ‘ such a distinction might of course argue for 
racial susceptibility, were it not for the fact that Eurasians and poor Europeans 
at tirnes contract the disease and that a much more obvious and probable explana- 
tion is forthcoming ’. , 

Lyngdoh (1912) gave an account of the occurrence of epidemic dropsy in 
Habiganj (Assam) and contended that the disease was communicable from person 
to person and no foodstuff played any part in its causation. Young (1912), on 
the other hand, thought that epidemic dropsy was infective in nature and spread 
through food like enteric fever or probably it was contagious like the specific 
fevers of Europe. He further suggested that infection .was conveyed by early 
cases only. " ^ , j 
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In 1919 and 1920 there was a moderate outbreak of epidemic dropsy in 
Calcutta during which 20S deaths were recorded. 0\itbreaks of the disease were 
also reported from the interior districts of Bengal. Acton’s (1922) previous work- 
on lathyrism suggested to him the possibility of toxic amines being responsible 
for the causation of epidemic dropsy. He worked on Greig’s data previously 
referred to and stated that ‘ it is with regard to his interpretation of the*data that 
I differ from him, as I believe he was led astray by the vitamin theory then reeentlv 
published by Fraser and Stanton ’. He conchrded by saying that ‘ speculations 
as to the nature of the toxin, etc., are premature but the evidence is, definite that 
it is found in over-seavsoned rice ’. This was the first step towards the development 
of the classical rice theory of Acton and Chopra. Acton’s observations appeared 
to be so striking and definite that they aroused considerable enthusiasm and led 
the Editor of the Indian Medical Gazette (1922) to announce that the problem of 
epidemic dropsy in Bengal had been solved. Bose (192-1), however, disputed 
these claims. He was able to grow the spore-forming bacteria in the agar media 
from the so-called ‘ diseased ’ grains, as well as from the grains of rice which did 
not show white streaks when put in contact with water, and from the common 
market rice in Calcutta. On adopting a more efficient method of sterilization, 
he repeatedly failed to grow those organisms on culture, and therefore concluded 
that the spore-forming bacteria referred to were only external contaminations. 
These important observations do not seem to have attracted the attention that 
they deserved. Megaw (1923) discussed the ‘ Beri-beri and Epidemic Dropsy 
Problem ’ under three headings, viz.; — 

(1) Is epidemic dropsy a form of beri-beri ? 

(2) Is avian polyneuritis the same disease as beri-beri ? 

(3) What is the probable cause of beri-beri 1 . . 

In discussing the first question, he put forward a vigorous plea as to why these 
two so-called different diseases should be considered as extreme types of one and 
the same disease. The two diseases, he thought, could not be distinguished from 
one another, and he pictured ‘ these extreme types ’ as standing ‘ at the ends of 
a chain of which every link is complete ’. He preferred to group them together 
under the old name beri-beri, though he did not object to the use of such terms 
as ‘ epidemic dropsy form of beri-beri ’ or ‘ ship beri-beri ’. 

He based the answer to his second question on a comparison between the 
post-mortem findings in experimentally produced poli/neJiritis cohmiharum and 
those in human beings dying of beri-beri and came to the conclusion that the former 
disease ‘ which is caused by a deficiency of vitamin B has not been proved to be 
the same disease as beri-beri ’. 

"With regard to the third question he said that ‘the known facts suggest 
strongly that a poison formed in rice under certain conditions of storage may be 
the essential cause of some forms of beri-beri, and probably of the disease m 
general 

Begarding mustard oil as the causal agent of epidemic dropsy, the aut or 
stated, ‘ to my mind the most unanswerable objection to the view is that 
of a similar form of disease in other parts of the world occur among people _wno 
not employ mustard oil or any of the suspected adulterants of that oil m 

diet 
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IMegaw’s objection to the existence of a specific infection conveyed from man 
to man may be summarized as follows : — 

(1) No microbe had been shown to be uniformly associated with the presence 

of the disease. 

(2) Animal inoculation and feeding experiments had failed. 

(3) Serum from a patient injected into the author’s arm had failed to 

produce any symptoms. 

(4) Quick response, in the early stages, to change of diet. If it were an 

infection it should be expected to run its course. 

(5) Persons brought into intimate contact with patients were not more 

liable to contract the disease than others living on the same diet. 

(6) Management of outbreaks on the assumption of their being due to 

infection had always failed. 

On the other hand, Brahmachari (1923), as a result of his investigations at 
Krishnagar and some villages in Bengal, was inclined to believe in the infectious 
nature of the disease. K. C. Butt (1924), on the basis of his observations on 1,700 
cases, was convinced that the disease was a manifestation of intestinal infection 
with a specific micro-organism, though none could till then be isolated and 
demonstrated. 

The year 1925 is the most important landmark in the development of our 
present conception regarding the aetiology of epidemic dropsy when Acton and 
Chopra (1925), as a result of extensive laboratory investigations, enunciated their 
famous ‘ rice theory ’. This theory is too well known to require a detailed 
description and it will suffice to give its barest outlines. 

Tt states that some varieties of rice, when stored under suitable conditions 
of temperature and moisture, are liable to get infected with certain organisms 
belonging to the Bacillus vulgatus group. These organisms produce a water- 
soluble toxin in rice, which, when ingested, gives rise to epidemic dropsy. 
Parboiling kills the enzyme and over-polishing, which occurs in the process of 
milling, damages the grain, thereby rendering it easier for the organisms to invade 
the rice. As a result of such an invasion, the central part of the grain is rendered 
opaque. A different variety of rice, under similar conditions of storage, gives 
rise to an alcohol-soluble toxin which produces symptoms of beri-beri. 

The laboratory evidence in support of the theory rested on (1) bacteriological 
examination of the rice, (2) isolation of the toxin, (3) pharmacological action of 
the isolated toxin, and (4) feeding experiments on monkeys. 

The experimental evidence produced by these authors appeared to be so 
complete and convincing that the ‘ rice theory ’ became more or less universally 
accepted. 

A discordant note w'as, however, struck by I. E. Anderson (1927). He 
investigated an outbreak amongst a semi-isolated community at Kalna, Bengal. 
By carefully following the distribution of cases and the dates of purchase and 
sources of provisions he was able to exclude rice as an setiological agent. The 
outbreak followed the importation of five cases of epidemic dropsy and*the author 
produced very strong evidence to support the ‘ contagion theory ’. Eice theory 
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being then in vogue lie directed Ids attention solely to this article of food and 
unfortunately did not take other food articles into consideration. 

Commenting on Anderson’s paper, the Editor, Indian Medical Gazette\l92I), 
argued that facts brought out in that communication strongly favoured the possi- 
bility of a poison being produced in the intestinal tracts of persons who had become 
infected with a special organism, but he pointed out that this mechanism of disease 
production was not at all common. As a general rule, the observed facts could 
best be explained on the hypothesis of intoxication due to a pre-formed toxin in 
rice, but it was quite possible that in exceptional cases the poison might be formed 
by microbic action on the intestinal contents. 

Calcutta again experienced a severe outbreak of epidemic dropsy in 1926-27 
when 1,575 deaths occurred. The medical practitioners discussed the problem 
at a conference (Calcutta Medical Club, 1926) from different aspects, but no 
definite conclusions could be arrived at. In the following year, Acton and Chopra 
(1927) confirmed their previous findings. However, Gloster (1928) was unable 
to confirm the bacteriological findings of these authors. 

The Ear Eastern Association of Tropical Medicine held its session in Calcutta 
in December 1927 and the problem of epidemic dropsy and beri-beri received its 
due share in the deliberations. Megaw (1927) who opened the discussion stated 
that beri-beri could be caused by two factors, viz., (1) rice intoxication, and/or 
(2) ’avitaminosis ‘ B 

He proposed the following classifications : — 

f. Beri-beri grpup or rice intoxication disease. 


Epidemic dropsy, probably parboiled 
rice intoxication. 


Beri-beri, probably polished 
rice intoxication. 


II. Avitaminosis ‘ B ’ or polyneuritic avitaminosis. 

Megaw thus postulated two doors of entry for the disease, one through pre- 
formed toxin in rice and the other through dietetic deficiency. In the discussion 
that followed, various theories were advanced and refuted. Thus Bose attacked 
mustard-oil theory on the ground that cases of epidemic' 'dropsy had occurred 
amongst the Burmese who never used any mustard oil, but used gingelly oil. 

Megaw et al. (1928) continued their studies on the ‘ epidemic dropsy form 
of beri-beri ’ and made some very interesting field investigations concerning 
the aetiology of the disease. They stated that ‘ it is impossible to reconcile 
every reported circumstance Avith any one hypothesis ’. Hoiyever, with the help 
of maps of the afi’ected localities they showed that ‘ the disease almost ahvays 
selects persons who have been using a stock of rice from a common source . 
Thev further stated that ‘ most of the outbreaks which have been described in tnis 
paper can only be explained on the hypothesis that the- rice in use by the patien s 
had in some way become poisoned during the period of storage, yet there a^ some 
observations which if taken by themselves would point to other possibilities, 
notably mustard-oil poisoning and infection ’. . . • ' • 

Kamath (1928) referred to an outbreak in a village in the Madras presidency 
where all the -victims used gingelly oil only: His observations mf tjie.outbrea 
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amongst the inmates o£ a Mission House where five out of six Europeans were affec- 
ted, as also amongst the clients of a hotel, were striking in many points. He claimed 
definitely to exclude rice as the causal agent, at least so far as the Mission House 
cases were concerned. From the evidence collected, person-to-person spread of the 
disease also seemed to him extremely unlikely. He showed that there were two 
sources to which more than 75 per cent of his cases could be traced. The mode of 
spread, he thought, was through food which had suffered contamination of human 
origin. 

On the other hand, Sagayam (1927) reported an outbreak of epidemic dropsy 
amongst Indians in Fiji and produced fairly strong evidence in support of the 
mustard-oil theory. Rice he excluded on the ground that while the Chinese, 
Fijians, and Indians consumed rice from the .same stock, the disease was confined 
to the Indians. The Editor of the Journal (Indian Medical Gazette) did not find 
Sagayam’s arguments convincing and commented that the observations made 
by the author were not inconsistent with the view that the outbreak was due to 
importation of an infected supply of rice from Calcutta during 1926 when Calcutta 
•was subject to a rather severe outbreak of epidemic dropsy. However Banerji 
(1929), who had investigated a small outbreak in Bengal, came to the same conclu- 
sion as that arrived at by Sagayam. 

An outbreak of the disease at Allahabad was investigated by Banerjee (1928), 
an old collaborator of IMegaw. He had to revise his old notions on account of 
certain interesting observations made by him in the course of these investigations. 
There were altogether about 200 cases of the disease, all but six of which occurred 
amongst the Bengalees. One hundred out of the 500 Bengalee families were 
affected. In three of the affected families rice had been altogether given up for 
nearly a month before they were attacked. Another interesting happening came 
to his notice which further created doubt in his mind about the validity of rice 
theory. Seven Bengalee Hindu families and four local Mohammedan families 
happened to have purchased more than a month’s supply of rice at the same time 
from the same stock. Five of the Bengalee families were .stricken, while all the 
Mohammedan families escaped. However, this argument would appear to lose 
much of its force when it is remembered that the 11. P. Mohammedan does 
not, as a rule, consume rice to the same extent as an average Bengalee does. 
Moreover, the common supply of rice was obtained two months previous to the 
outbreak of the disease and the probability of the Bengalee families having 
purchased rice, which was responsible for their troubles, at a later date, could not 
be eliminated. 

Dalai (1929) gave an interesting account of an epidemic at Rangoon in July 
1924. But for two cases who were Upper-India Hindus, all his 174 cases occurred 
amongst Bengalee Hindus. He suggested that the outbreak was due to a 
particular consignment of ' diseased ’ rice or mustard oil. 

Shanlcs and De (1931), in the course of post-mortem examinations, observed 
an extensive vascular dilatation in deep layers of the .skin just where the adipose 
tissue began, and they considered it a characteristic feature of the disease. A 
similar condition was found beneath the pericardium, the lungs, and other places 
where the vessels were not well supported. There was no inflammatory remtion 
associated with tins capillary dilatation. 
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Chopra and Bose (1933) made detailed clinical observations on cases of 
epidemic dropsy which lent support to the views held by Acton and Chopra (1925). 
They stated that the toxins elaborated by the organisms (of the vulgalus groiip) 
resembled histamine in having a powerful effect on the capillaries. Continuing 
the discussion, the authors said, ‘ The aetiological factors require no further 
emphasis beyond the fact that our recent work tends to indicate the Gram- 
positive bacillus as the source of toxins partly formed outside the body and 

ingested as chemical poisons and partly manufactured. in the human gut 

A study of the pathology of the living - indicates a ‘ cardio-capillary crisis ’ as 

being the most serious condition present The path of intoxication starts 

with the ingestion of the afiected rice ’ 

B. C. Roy et al. (1933) reported their chnical observations on a number of 
cases. They also emphasized the importance of diet in the causation of the 
disease. While discussing the question of prophylaxis they remarked, ‘ since 
Marwaris and Europeans are seen to escape, the logical course is to adopt the 
diet of those persons ’. They further observed that, as a rule, ‘ members of 
an affected household who ate loaves and chapaties did not suffer from the 
disease 

Recently, Kirwan (1935) has given, support to the histamine-intoxication 
theory by isolating histamine from fluids of epidemic dropsy glaucoma. 

Acton (1932) was so convinced about the rice theory that his last contribution 
on the subject dealt with the classification and grading of different varieties 
of Indian rice in connection with epidemic dropsy problems. Knowles (1934) 
summarizes the results obtained at the Calcutta School of Tropical Medicine in 
the following words : — ‘ Epidemic dropsy then is due to eating diseased parboiled 
rice [halam rice) and comes about by the action of toxins absorbed from this 
diseased rice. (In a very few instances only it seems possible that the patient’s 
intestine may become infected with the rice bacillus concerned, his fajces become 
infective, and direct person-to-person transmission occurs by the contaminative 
route. This, however, is very exceptional and not the rule.) In the towns 
decomposition generally occurs after the rice is prepared, and therefore this 
disease is seen during the monsoon months. In villages where the rice is 
stored in small store houses (morais) decomposition occurs when the 7)iorai 
becomes damp, the decomposed paddy is not eaten until November or December 
and this is the time when epidemic ^opsy is seen in villages. Beri-beri on the 
other hand is an avitaminosis plus the action of toxins produced in rice by 
decomposition. In the water or glycerine test the diseased grains have an 
opaque, white look, like plaster of paris ; healthy grains are semi-translucent 
and vary in translucency according to the different grades ’. 

A striking confirmation of the work done at the Calcutta School of Tropical 
Medicine is to be found in a report from Sierra Leone by Burnett (1933) who on 
the basis of his clinical, experimental and other laboratory studies on the problems 

of oedema in Sierra Leone ’ concluded that ‘ oedema at the Free Towm Prison, 

is essentially a disease of auto-intoxication, due to absorption of highly poisonous, 
nitrogenous, putrefactive products, engendered in old rice, by the J ° 
organisms acting in hot and moist conditions and produemg bodies ot a narm 
allied to the histamine-tyramine groups. The toxic substances are water-so u •, 
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especially in hot water, and they are capable of withstanding boiling water, 
without considerable alteration of their poisonous principles. The disease- 
producing grains have a musty odour and generally with discoloration display 
the presence of decomposition and of fungoid activity. Consumption of such food- 
stuffs is fraught with great danger, resulting inter alia in the rapid onset of 
cedema of an extremely fatal nature ’. 

In spite of so much experimental and field work in support of the rice theory, 
some prominent practitioners still adhered to the infection theory (Editor, 
Journal of Indian Medical Association, 1934). The chief reasons for this belief 
were : — 

(1) Seasonal incidence in July associated with continuous rains and 

humidity, 

(2) widespread epidcmicity, 

. (3) greater incidence amongst people on riverside, suggesting water-borne 
infection, 

(4) occasional incidence of disease amongst persons who come in contact 

with epidemic drop.sy, environmental and dietetic factors being 
excluded, 

(5) frequent spread from town to village, and 

(6) recurrent and chronic course of the disease. 

Towards the end of 1934, a very severe outbreak of dropsy was reported from 
the Manbhum District, Bihar. Once again the medical profession showed a keen 
interest in this hitherto unsolved and mysterious disease. Discussions on 
epidemic dropsy were held at the Calcutta School of Tropical Medicine, under 
the auspices of the Calcutta Branch of the British Medical Association (1935). 
Some members stressed the infective origin of the disease, others thought that it 
was a histamine intoxication, probably through diseased rice. In wdnding up 
the discussion the President remarked that ‘ up till now we have conceived many 
theories but have not succeeded in bringing to light anything new. Lieut.-Colonel 
Kirwan’s isolation of histamine from the glaucoma fluids in these cases is a distinct 
advance on the subject 

The Indian Medical Gazette of September 1935 records some rmry interesting 
observations from different workers on the subject. Chopra and Choudhuri 
(1935) refer to an outbreak at the camp of the engineering students at Purulia. 
They state that ‘ 83 per cent of the Hindu .students in the camp were 
affected while all the Muslims escaped. The disease could not be contagious nor 
water-borne, as the students of both the classe,s mixed freely with one another and 
had the .same water supply. The diet was the principal factor of difference between 
the two classes, provisions being supplied by different contractors. The rice 
used by the affected students was heavily infected. The outbreak was explosive 

in character There was no spread of the disease to the students’ families 

nor in the hostel of the Bengal Engineering College to which they returned after 
the epidemic ’. Unfortunately the condition of the rice consumed by the un- 
affected group was not stated, 

The.y carried further experimental work and stated that the emulsion of 
sarcoicls injected into animals and human volunteers gave negative results 
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Feeding experiments were also performed; thus Chopra (1935) records that ‘one 
monlcey was fed for a period of two months with negative results on vegetables 
cooked in suspected mustard oil obtained from an afiected family. Another 
monkey, received injections of 5 c.c. of blood obtained from epidemic dropsy 
patients twice a week for two months with negative results. A human volunteer 
was fed on infected rice for 10 days and subsequently on food cooked with mustard 
oil for the same period, but did not develop the symptom of the disease. Several 
families in Calcutta who came in intimate contact with epidemic dropsy cases were 
carefully watched. There was no spread of disease among them - 

A. T. Eoy (1936) gives a striking example of a semi-isolated community in which 
rice as a causal agent could be excluded. The Leper Colony, at Purulia to which 
he refers has 800 inmates. They live in six separate groups. The rice supply 
is common to all, but two of these groups (healthy boys and healthy girls) obtain 
their mustard oil and vegetables, etc., from a dealer who supplies oil extracted 
in kulus (indigenous oil-pressing machine). The other sections are' supplied 
with mill-oil ; 70 per cent of the latter went down with epidemic dropsy, while the 
members of the first two groups entirely escaped. 


The latest confirmation of Acton and Chopra’s findings regarding the 
association of Gram-positive, spore-forming, proteolytic bacilli with cases of 
epidemic di'opsy and their presence in the ‘ opaque ’ or ‘ diseased ’ rice grains 
is to be found in a recent communication by Pasricha et al. (1936). Their 
studies included patients of epidemic dropsy and healthy individuals. They found 
characteristic distribution of positive stools and of positively reacting sera in 
their two groups which demonstrated a definite relationship between the organisms 
and the disease. Referring to their serological findings the authors conclude that 
they ‘ are an additional link in the chain of evidence to show that epidemic dropsy 
is of an infective nature and is associated with the presence of certain organisms 
in the rice grains. It is possible, however, that the role played by these organisms 
in the setiology of the disease is of the same nature as that of the proteus group 
of organisms in typhus fever 


On the other hand, in a recent paper, J. K. Dutt (1936), as a result of his field 
investigations in the district of Backergunj, followed by a few animal experiments, 
concludes that taramim mustard oil is responsible for producing epidemic dropsy. 

This brief summary of the epidemiological literature on the subject will 
serve to show that on account of the sickness and disablement caused by it on a 


large scale, epidemic dropsy is one of the major problems in the three eastern 
provinces of India, and particularly so in Bengal. It further shows that,- 
even though the rice theory is at present widely accepted and forms the basis 
of administrative action by the Public Health Authorities and guides many^ 
practitioners in their professional care of the patients, there is an influential body 
of physicians who are either sceptical or are strongly opposed to it ; many, m tact, 
declare their adherence to the various rival theories mentioned- above, it would 
perhaps be more correct to say that none of those who have studied tne 
subject in some detail, feel fully satisfied with any one theory as aiiordmg 


* As a result of later studies they 
on their serological observations. 


doubt the correctness of the interpretations which they had put 
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complete explam^tion of tlie observed facts. We agree with the Editor of the 
Indian Medical Gazette (1935) when he says that ‘ many theories regarding the 
cause of the disease have been formulated, have lived their day, and ■ become 
history and have been revived again Thus there is still a mystery surrounding 
this disease which makes it a fascinating subject for study. 
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In this paper, we propose to present some of the data of general epidemiological 
interest which have been collected by us according to a set scheme, in the course 
of field investigations in seven different centres. 

Method of collection and analysis of data. 

Two schedules for recording information, one for individuals and the other 
for families, were prepared. They were especially designed for facilitating 
mechanical analysis by means of Powers Samas punching and sorting machines 
(see Appendix I). The investigators made house-to-house visits. They interro- 
gated, so far as possible, each individual and recorded the information so obtained 
direct in the schedules according to standard instructions, thus eliminating errors 
arising^ out of copying or depending on memory. The schedules were edited 
immediately afterwards to ensure uniformity, completeness, and removal of obvious 
mistakes. A certain percentage of the schedules filled by assistants were verified 
by the junior author (S. C. R.) by revisiting the subjects and going over the whole 
J, MB ( 177 ) 12 
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schedule with them. These checks were necessary not only to prevent possible 
vitiation of the data through negligence or inefficiency of workers, but also to 
remove any chances of errors arising out of personal bias of individual investigators. 

At three localities fGourangdih, Patherkandi, and certain parts of Calcutta 
(Calcutta ‘ A ’)] informaUon was collected for every individual and for bach family 
whether stricken ^vith epidemic dropsy or not. 

At Karimganj, at Sylhet, at another area in Calcutta (Calcutta ‘B ’), and at 
Twenty-Lines Tea Garden of the Hathikbira Tea E.-jtate the investigations 
had to be restricted to the affected families and such unaffected families as 
had been in contact with cases of epidemic dropsy or bad shared certain articles 
of food with the stricken families. At Jamshedpur the investigation was limited 
mainly to th.e sources of supply of mustard oil and rice to the affected families. 

Field staff . — This consisted of the jiiuior author and two junior medical men, 
usually assisted by a laboratory assistant. 

The centres . — Short notes on the physiography, population, communications, 
trade, climate, and history of the outjjreak for each centre are given below. 
Detailed meteorological data obtained from observatories situated nearest to the 
centre or in more or less similar regions are set out in Appendix JI. 

1, Gouranodih (period of investigation : llth February, 1935, to 27th 
March, 1935). It is a medium-sized village in the Manbhum District of Bihar. 
It lies in a dry undulating country between two hill streams, the Darakeswari and 
the Dangra, which remain dry for the greater part of the year. It can be easily 
approached by a metalled road from Bankura and Purulia or by rail, being only 
at a distance of one mile from Indrabil station on the B. K Bailway. 


Kashipore, an important market centre, is only at a distance of seven miles 
from this place and the two are connected by a metalled road. The population 
which numbers 1,054- is of Bengalee extraction and social habits. Agriculture 
and petty trade are the chief occupations. The climate is hot and dry for the 
greater part of the year. 


No case of epidemic dropsy is said to have occurred in the village within living 
memory previous to the present outbreak. The first case was a married girl who 
returned from Kashipore to her mother in the village towards the end of October 
1934. The whole of her father-in-law’s family (at Kashipore) including herseii 
was at the time suffering from epidemic dropsy. The disease was, in fact, widely 
prevalent throughout the Sadar subdivision of this district and seemed to be 
spreading from Purulia to the distant villages. None of the three members m e 
mother’s family contracted the disea.se after the arrival of the grrl. The vi age 
in fact remained free from epidemic dropsy for three weeks when another cas 
was imported into a grocer’s family from a village called Jaipur, 
one of the four members of the family party who had visited Jaipur and a 
with an affected family for about three weeks. Some members oi i, 

stayed behind at Gourangdih but after the return of the visitors kad na . 
to come in intimate contact with the patient and her companions, Vi i 
two weeks cases began to develop both amongst those who 8“^® . , , P 
and those who had not done so. Further cases developed amongst ^k - o 
belon^incf to the same community in the southern part pf the village, h 



B.. B. Lai and S. C. Roy. 


179 


families to be aft’ectecl being those of grocers. A fourth family of grocers living 
at the northern end of the village was the next to be afflicted. The grocer families 
of this village besides having social intercourse amongst themselves were in frequent 
commuiiication with Kashipore on account of both business and social ties. The 
next sufferers were two IMoliamniedans who were particular friends of one of the 
grocers who had been attacked. They had spent a great deal of time with him 
though they lived in a different quarter of the village along with other Mohammedans. 
Sooif after, the disease spread to another quarter where the ‘ karmakars ’ (iron 
smiths) lived. The first man to be attacked amongst this community was also 
a close associate of the grocer and the two Mohammedans referred to above. The 
rest of the Mohammedans, who formed a compact group of twelve families and 
who had remained free from the disease, suddenly became afflicted during the 
latter part of the Ramzan (the fasting month), and all the twelve families of this 
community were involved. In course of time, out of 193 families in the village 
72 were afflicted. The epidemic came to an end on the close of February of 
next year. The most striking feature of the epidemic was the fact that the 
disease was confined to the better classes, not a single case having occurred 
amongst the 400 ‘ bauries ‘ bagdis ’, ‘ niuchis ’, fishermen, or other lower classes, 
although their houses were interspersed between those of the victims. 

2. Patherkandi (period of investigation : 19th May, 1935, to 2nd July, 
1935). This is the headquarters of a small revenue circle in the Longai valley, an 
important tea-growing district in south Sylhet (Assam). It commands a certain 
amount of trade amongst the labourers of the surrounding tea gardens and as 
such forms a small market place. It is about 18 miles south of Karimganj 
which is an important business centre and is connected with it both by rail 
and by road. The village can be divided into two more or less distinct parts, 
the southern portion being residential and the northern, the market area. The 
total population is 47G. The bulk of the people come from the surrounding 
villages and are Bengalee in extraction and social outlook. There are, however, 
a few Marw'aris and up-country men besides the Monipuries who are the only 
indigenous population of the village. The latter form a small colony at some 
distance from the village proper. The residential area is occupied mostly by 
Government employees. The Longai river winds along the western boundary 
of the village, the country is plane, the drainage is not very satisfactory, and 
the sub-soil water-level is high. 

Patherkandi had remained free from epidemic dropsy till the first week of 
April 1935. Here also the first case was a grocer who lived in the market area 
and who gave a definite history of intimate contact with epidemic dropsy patients 
at Karimganj. Some of the earlier cases seem to have developed amongst the 
close associates of the grocer, though all of them cannot be traced to him, nor the 
chain of cases can be shown to be complete. The residential area was soon 
invaded, but the first case there was a boy servant who was an intimate associate 
of the affected grocer. Subsequent cases in this area appeared to be confined to 
a small group of well-to-do people who had intimate and frenuent .social inter- 
course, though they belonged to different communities. 


3. 

1935). 


Calcutta (period of investigation: 20th August, 1935, to 30th September, 
During the middle of the year 1935, the southern part of Calcutta 



180 Investigations into the Epidemiology of Epidemic Dropsy. 

experienced rather a severe epidemic of dropsy. Two localities in the affected 
area were selected. In both of them there was a fair proportion of non-Bengalee 
residents living side by side with the Bengalees. One of these localities consisted 
mostly of ‘ bustee ’ and poor class houses. The other was inhabited by better 
class people. The investigations were especially directed towards the detection 
of cases, if any, amongst the non-consumers of rice or mustard oil, or both. 
Another object of this inquiry was to ascertain the incidence of the disease amongst 
Bengalees and non-Bengalees living in the same neighbourhood. But for one 
Bengalee patient who stated that for the last ten years he had not talcen rice more 
than once a week on an average we did not come across cases amongst non- 
consumers of rice or mustard oil. All the tsventy-four victims of epidemic dropsy 
that were found amongst the non-Bengalees, out of a total of 977 such persons 
examined, were like the Bengalees in their dietetic habits. 

4. Karimganj (period of investigation : 8th October, 1935, to 29th November, 
1935). This is a small town with a population of 5,356. It owes its importance 
to its being the headquarters of a subdivision of Sylhet district, and a market 
place. It is a railway junction on the Assam Bengal Eailway. The Kushiara, 
a navigable river, divides the town into the market area on the east and the 
residential area on the west. Being an important commercial centre, it is in 
frequent communication with the surrounding districts and with distant villages 
by road, by rail, and by river. Eainfall is very heavy, amounting to 174’75 
inches per year on an average. The drainage is good, but the sub-soil water- 
level is high and the houses are built on high plinth, the earth being obtained 
by excavating a tank in the compound. Conservancy system is in vogue and 
works fairly efficiently. A tank in every compound is a special feature of 
this town and this forms the main source of water supply for the household, but 
for drinking purposes water is obtained mostly from reserved tanks or wells. 
The population consists mostly of people of Bengalee extraction and habits, 
but the Marwaris and other up-country men form an important community, 
especially in the market area. 

Erom August 1934, epidemic dropsy seems to have become endemic at 
Karimganj. During this month, 23 cases were reported. Eor a time no further 
cases occurred, but in November a fresh crop of cases appeared involving six 
families. Again in August next year, the disease broke out in an epidemic form. 
The present investigations relate to this outbreak. A wholesale grocer was the 
first victim of a series of 92 cases which developed in the course of two months. 
In their spatial distribution, the affected families were widely separated and no 
connecting link between the affected families could be established. Ue 
across three instances in which a house was divided into separate flats, these as 
being occupied by different families which had descended from a common s oc 
Some of these families had multiple cases, others completely escaped. Jn ano er 
instance, members of a joint family of grocers lived in three different groups m 
three localities, viz. : — 

(1) In the market area. 

(2) In the residential area. 

(3) In the village home, about three miles away from the town. . _ 
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The first and the third groups were affected more or less simultaneously 
whereas the second entirely escaped, though there was very frequent communica- 
tion among these groups. At that time there was a number of cases in both 
parts of Karimganj but in the village no other family was affected. 

The epidemic reached its climax within a month of its onset and subsided 
before the end of the second month. None of the cases gave a previous history 
of the disease. 

5. Sylhet (period of investigation: 1st December, 1935, to 17th January, 
1936). It is the chief town in the Surma valley. It is spread over more tha,n 
five square miles on a number of small hillocks separated by low valleys. Kail, 
road, and the Surma river provide good means of communication locally and with 
distant parts. The population is similar to that of Karimganj. Municipal water 
supply is laid. Rainfall is, on an average, 162 inches in the year. The drainage 
is fairly satisfactory. Excreta are removed by the conservancy system and 
disposed off by trenching. 

There was an outbreak of epidemic dropsy at Sylhet about 30 years ago. 
This was, however, confined to the jail. The town had had no experience of the 
disease till the present epidemic in September 1935. A Mohammedan young man 
was the first victim. He denied having had any contact with a case of epidemic 
dropsy. However, within a fortnight four of the 12 members of his family were 
stricken. So far, the cases were confined to this family but in the course of the 
next three weeks two other persons were attacked in different parts of the town, 
neither of whom gave any history of contact with a, previous case. Stray cases 
then appeared in different parts of the town and by the begiiming of November 
the epidemic had fully developed. It continued for more than a month after 
which it began to decline. The last case had been recorded before the end of the 
year. 

6. Twenty-Lines Tea Garden (period of investigation : 22nd April, 1936, 
to 29th April, 1936). This is an isolated community composed of tea-garden 
labourers, one Eiuopean manager, three Bengalee fqmilies, and a family of grocers 
hailing from Bihar. They live on a small hillock in Longai valley, 18 miles to the 
south of Kalkalighat, a small terminal station on a branch line of the Assam Bengal 
Railway. The labourers are recruited mostly from distant provinces, such as the 
United Provinces, Bihar and Orissa, and some from the Central Provinces, and 
have no local associations. The only contact they have with the outside world 
is at the small Sunday market which assembles near the Lines, Horn where they 
obtain their meagre supplies. On occasions, perhaps not amounting to more than 
oiice a month for a family, the coolies might go to Hathikhira, a distance of two 
miles from the lAnes, to satisfy their special requirements. Here a much bioger 
market assembles on Sundays. 

The epidemic under report was their first experience. The investigation 
was commenced a fortnight after the occurrence of the first authentic case but it 
was not possible to definitely make out if there was a case previous to this. A 
coolie woman claimed to be the first to develop the symptoms about the end of 
March this year ; she was, however, never too ill to stay away from her work. 
Her symptoms were indefinite and no one was able to verify her statement.* 
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Possibly sbe was tbe first case, but tbe first authentic case was a Bengalee Hindu 
clerk who developed symptoms on the 7th of April. Almost contemporaneously 
with this, the female members of the Bengalee Mohammedan clerk who lived 
next door to him complained of typical symptoms of epidemic dropsy. This 
attracted the attention of the Medical Officer of the Garden, who on invekigation 
found some stray cases amongst the labourers. Altogether 18 definite and five 
doubtful cases were recorded. The last case occurred on the 22nd April, 1936. 


Symptomatology. 

The following is a brief statement of the s}Tnptoms observed in the course 
of our investigations : — 

(1) Usually the first symptom was either a rise of temperature or intestinal 

disturbance or both, the intestinal disturbance being the more 
! frequent. In some cases swelling of feet was the first symptom 

observed. 

(2) OEdema of feet and legs, pitting on pressure, was present in every 

case for some time in the course of this disease. The oedema was most 

marked in the evening. 

(3) Dyspnoea with exertion, and in advanced cases without exertion, and 

a corresponding degree of cardiac involvement was frequently seen. 

(4) Patchy pigmentation of the face was especially marked at Gourangdih. 

(5) Telangiectatic growths, bleeding on slightest manipulation, were 

observed in a few cases. 

(6) Occasional bleeding from mucous surfaces, especially from the rectum 

was noticed. 

(7) Condition of the knee-jerks ; These were exaggerated in some, absent 

in a few but more or less normal in the majority of cases. 

N.B . — ^Tn contrast to the symptoms which were observed in all the epidemics included in our 
discussion, there was a small outbreak in an Assam tea garden involving a dozen or more individuals 
in which the main symptoms were referable to the nervous system, such as intense tenderness of pie 
calf muscles, inability to stand up or walk on account of pain, and loss of knee-jerk. The cardis.c 
involvement was also marked. 


Analysis of data, 

.With a view to present our data in an easily comprehensible form we propse 
to describe them as distributions classified according to different criteria. le 
data from various investigations have been combined or presented separa e y 
according as one or the other type of treatment appeared more appropria e. . s 
a rule, combined data are set forth where the investigations includea o i 
affected and the unaffected families. Where the study was confined to , 

families or such other families as were in some way connected ^ i 

data regarding the affected families have been treated together with th < 
fainilies of places where all the families were investigated. 
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DUnbulion according to rdigUnto conmu, Mcs (vide lahU I). 

Table I. 

miribnlion according to rdigions conmmnilico. 


Hindu- 


Mouammkdan. j Christian. 


Totals. 


Gourangdih 
Piitherkandi . 
Calcutt.T. 
Kariniganj 
Sylliet 

Twenty-Lines 


I , 921 ' 
4,022 

II , 453 * 
733 


o o 

to 

a 

1 -s 

i 1 , 1 

fcD 

C 

c 

O 

u 

ej 

PM 

■" 1 

1 j 1.054 

lO’O 

) . . 1 

10-9 

i 0-0 1 2,048 

0-0 

1 

5 13-0 j 5,33G 

1-8 

.. j 21,433 

0-9 

1 O'O 744 

1- ' 

3-1 




c Z ,<v« census fi-ures ; all non-Mohammedans are included under the , 

Wh%ac;\\hTdrta were obtained by house-to-house visits. 


Two main points emerge from a perusal of this table, viz. : 

(1) That the incidence in both the two major communities varied from plac 

to place. , o iL 4.1, 

(2) That in some P'««“ the 

rnSrofae vfctims n'ere Hindus The e.v.mple of Kaiimgan] 
£ Particularly striking. Here the Mohammedans formed one-fomth 
of\he totalpopulatiSn, but not one of them was stricken. The 
pecuharit es in the mode of livmg of the two communities do not 
tSrefore appear to be associated with the incidence of the disease. 
The variatibh is probably dependent upon the aggregation or other- 
wise of the houses of each commumty. Thus, when the Mohammedans 
formed a compact group as at Gourangdih and KarimganL they 
• were either badly afflicted or completely escaped, while at Pather- 
kandi and Sylhet, where the Hindu and Mohammedan houses were 
intermixed, the incidence in the two communities was more or less 

the ' same. 



Dislrihulion of Hindus {excluding non-Bengalees) according to caste, showing cases and the total 'povulalion. 
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Expected number . . 32-99 3-3G 35-74 55-75 I 0-87 I 2-75 i 10-85 4-43 8-25 
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Distribution amongst the Hindus (excluding non-Bengalees) according to caste 
[vide Tables //(a), //(b), //(c), //(d), and -//(e)]. 

The caste distribution is ciiaracteristic. In the villages the disease is confined 
to -the higher castes, viz.. Brahmins, Baidyas, Kayasthas, and Bania.?, which are 
generallj' econojuically well off, while in the towns some of the lower castes are 
equally affected. This suggests that the distribution of the disease according to 
caste is due to the linlrage of this factor with economic status. 

Distribution according to the province of origin. 

The relevant information is given in Table III where the expected number 
in each case has also been shown for purposes of comparison. These numbers 
have been calculated by multiplying the population of each provincial group with 
the ratio of total cases for the whole group to the total population in the area. 
A very high incidence amongst the Bengalees is obvious. 

Table III. 


Cases and non-cases amongst ijcrsons from different jiTovinces of India residing in 
a certain area of Calcutta (combined data for ‘ A ’ and ‘ B ’). 



^ A closer examination showed that all the 24 non-Bengalee patients had been 
resident in Calcutta for over twenty years or had been settled there for more than 
a generation and had taken to the mode of life and dietetic habits of the Bengalees, 
the onlv exception was that of a Punjabi who had been in this city for six or seven 
years only but having married a Bengalee woman had greatly changed his diet. 
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Distribution according to age [vide Tables /F(a) a7id /F(b)J. 

Table IV(a). 

Distribution of cases according to age {combined data for Gourangdih, Patherkandi 

and Calcutta ‘A ’). 


Age groups : — 

0- 


■ 

3- 

5- 

15- 

25- 

35- 

45- 

55— 

66- 

CO 

Eh 

0 

Cases 

0 

0 

0 

1 

68 

1 

66 

75 

41 

31 

13 

D 

301 

Totals 

1 

18 

26 

125 

108 

1 

405 

447 

398 

219 

162 



2,006 

Expected 

number. 

2-7 

3-9 

18-8 

1&2 

1 

60-8 

■ 

67-1 

59-7 

32-9 

24-3 


P 

•• 

Katio between 
observed and 
expected. 

■ 

0 

0 

1 

i 0 

0-06 

M 

0-98 

1 

1-3 

■ 

■ 

1-3 

1-3 

1 


^2 = 17'46 P =. less than 0‘01 (significant). 


Table IV(6). 

Distribution of cases and non-cases according to age {combined data for all the 
affected families of the different places of investigation). 


Age groups ; — 

0- 

1- 

1 

1 

1 

6- 

1 

15- 


35- 

45 — 

55— 

■ 

Totals. 

Cases 

0 

0 

1 

6 

199 

190 

152 

90 

64 

27 

13 

742 

Totals 

14 

19 

SO 

94 

406 

394 i 

281 

185 

118 

59 

42 

1,692 

Expected 

6-1 

8-3 

35-1 1 

1 

41-2 

178-0 

172-8 

123-2 

81-1 

51-7 

25-9 

18-4 


Ratio between 
observed and 
'expeeted. 

0-0 

0-0 

0-03 

0-15 

1 

1-11 

1-10 

1 

1 

1 

1-23 

MI 

1-24 

1-04 

0-71 



x2 = 85-74 P = less than 0 01 (significant). 


The age constitution together with the actual incidence in each 
and the expected numbers aie shown in Tables IV(a) and 
there is a significant disparity between the actual and the expected dist 
as shown bv the two tests, 
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The toddlers were only exceptionally affected, young children were only mildly 
touched, the adolescents gave a higher incidence than expected, those in the prime 
of life were the worst sufferers, and the incidence again tended to drop with 
advance in age. This characteristic age distribution is so regular and striking 
that any theory regarding the aetiology of this disease which fails to account for 
it should not be seriously considered. 

Distribution according to sexes. 

There is a difference of opinion amongst various observers with regard to 
the relative incidence of epidemic dropsy in the two sexes. The relevant data 
from our series are given in Tables V(a) and V(?d- 


Table V. 

Distribution of cases in the two sexes. 

(a) Combined data for Goumngdih, Patlierlcandi, and Calcutta ‘ A 



1 

Jfale. 

1 Female. 

Totals. 

Cases 

162 

i 

139 1 

301 

Totals 

1,139 j 

872 

2,011 

Case incidence per cent . . 

t j 

1 14*2 ! 

1 

15-9 

16-0 


X2 = M44 

P = less than 0-30 (not significant). 


(6) Combined data for the affected families of all the places. 



Male. 

Female, 

Totals. 

Cases 

415 

327 

742 

Totals 

1 

960 

733 

1,693 

Case incidence per cent . . 

43-23 

44-61 

43-83 


X2 = 0-3225 

P = between 0-7 and 0-5 (not significant). 


According to our data, therefore both the sexes are equally liable to be 



Distribution of cases according to occupation. 

(a) Combined data for Gourangdih, Patlieriandi, and Calcutta ‘ 
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Distribution of cases according to the vocation of individuals 
[vide Tables VRu) and FI(b)]. 

The data for some occupations are not sufficiently large to give a correct idea 
of occupational distribution l)ut it would appear that epidemic dropsy claimed 
most of its victinis from amongst the following groups 

(1) Students or clerks and landlords’ agents. 

(2) Housewives. 

•(3) Traders or artisans. 

(4) Cultivators. 

These groups form the bulk of the .middle classes. On the other hand those 
included luider the headings ‘ at home food handlers, and menial servants fared 
well. 

Distribution according to economic status (vide Table VII). 

The factors that were taken into consideration to decide the economic status 
of the families were : — 

(i) Occupation of the head of the family, 

(ii) Clothing and nourishment of the children, 

(Hi) General condition of (he house. 

Tabi^e VTI. 


Incidence of epidemic dropsy according to the economic status of 

the fa7Hilies : — 

(a) Combined data for Patherkaiidi and Calcutta ‘ A 


* 

Poor. 

Middle. 

Upper middle 
and rich. 

Totals. 

Affected . . 

4 

28 

3 

35 

Totals 

1 

94 

103 

7 

204 

Expected number 

iei3 

17-C7 

1-20 


1 

Ratio between observed 
and expected. 

0-25 ' 
1 

1-58 

0.. ' 
4'5 

•• 


(b) Affected fai7iiKes of Karimganj, Sylhet and Calcutta ‘ B 
Poor .. « 22 

Middle .. .. ..101 

Upper middle .. ,. 1 


Total . . 124 
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It is clear from this table that epidemic dropsy is chiefly the disease of middle 
classes. The poor people suffer relatively much less. None of the Manvari 
families, however, sufltered. 

Distribution according to dietetic habits [vide Tables Vin{a) and 7///(b)]. ' 

A broad division into vegetarians and non-vegetarians was made, only those 
refraining from taking meat, fish, or eggs being included in the former group. 


Table VIIT. 

Cases and ncn-cases amongst vegetarians and non-vegetarians : — 

(a) Combined data for Gourangdih, Patherkandi, and Calcutta ‘A\- 



Vegetarianis. 

'Non-vegetarians. 

Totals. 

Caae3 

24 

277 

301 

Totals 

278 

1,617 

1,895 

Case incidence per cent . . 

8-63 

17-13 

f 

15-88 

X2 = 12-819 

P = less than 0-01 (significant). ■ » 

(6) Affected families from all the ylaces investigated^ 


Vegetarians. 

Non- vegetarians. 

! 

; Totals, 

Cases , 

38 

704 

742 

Totals 

100 

1,627 

1,627 . 

Case incidence per cent . . 

38-00 

46-10 

45-61 


~ 2’48 P = between O ' 1 and 0’2 (not .'■ignificaiit). 


These tables are of considerable interest. They show that contrary o 
popular belief vegetarians had a definite advantage over those m the a 
taking animal food. However, even strict vegetarians like Hindu wi 
sometimes suffer. Further it appears [vide Table VIII{b)] habits of 

to the members of the family are more important than merely the oo 

individuals. , theories 

The distributions having a direct bearing on the three inipor an 
regarding the mtiology of the disease, viz. : — 

(1) The rice theory, 

(2) The mustard-oil intoxication ■ theory, and 

(3) The contact infection theory 
may now be discussed. 
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1. Dislnbntion in relation to the rice theory. 

(t) There arc two processes in the extraction of the grain from the paddy 
which are of interest to us, viz. ; — 

(o) Preparation, of paddy for husking. 

(6) The method of husking. 

Paddy may either be parboiled or sun-dried before husking. Except in the 
case of' Hindu widows who, for certain religious reasons, always take sun-dried 
rice, the habit of taking one or the other tj'pc of rice b)' the people is merely a matter 
of local custom. Thus, while in Bengal and Bihar the usual custom is to take 
parboiled rice, in Assam sun-dried rice is the one commonly consumed. It is onlj’- 
in exceptional cases that a few individuals depart from the local habits. On the 
basis of these data no fair comparison in the incidence of cases amongst persons 
of (lifierent rice habits can be made. 

The relevant data are, however, given in Tables IX(fl) and IX(6) for the 
information of the reader. 

Table IX. 

(a) Affected and unaffected families according to the method of pre^paraiion 

of paddy for husking. 



Sun*dried. 

Parboiled. 

. 

Totals. 

Goiirangdih 

1 Affected . . 

0 

72 

72 

1 Total 

1 

192 

193 


j Affected .. 

15 

1 

10 

P-ithPrlviiinli 

1 Total 

12.3 

3 

12S 


1 Affected . . 

2 

16 

18 

Cilcutta ‘ A ’ 

1 

1 Total 

2d 

42 

GO 

SylUet 

1 Affected . . 

3 


0 

(selected are.a) 

1 Total 

250 

59 

309 


(h) Distribution of affected families according to the method of preparation 

of paddy for husking. 



Sua-dried. 

i Parboiled. 

Totals. 

Calcutta ‘ B ' . . 

1 1 

32 

33 

Karimganj 

21 

1 

22 

Sylhet 

58 

9 

67 

Twenty-Liaes . . 

13 

0 

1 

t 13 

1 


J, MS 


13 
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\ 

With regard to the process of husking, in the course of our investigations, we 
met with the milled rice in bigger towns only where imported grain is consumed. 
In rural areas where epidemic dropsy was rife, milled rice was almost unhnoion. 
The process of milling, therefore, as a factor in the causation of epidemic dropsy, 
does not seem to be of any significance. For the sake of comparing the data, 
however, the distribution of cases according to the consumption of milled or hand- 
pounded rice in parts of Calcutta and Sylhet, where both afiected and non-aft’ected 
families were investigated, is given in Table IX{c). 


Table IX. 

(c) Dislributicn of affected and unaffected families according as they used 

milled or hand-pounded rice. 



j 

Hand-pounded. 

Milled. 

Totals. 

I Affected . . 

4 

14 

18 

Calcutta (A) -j 




1 Total 

14 

52 

66 

Svlhet (Affected .. 

4 

» 2 

G 

(in selected area) | 

295 

14 

309 


(ii) Storage. — Storage of rice is another factor that demands consideration 
because according to the * rice theory ’ the grain has to be stored under certain 
conditions of temperature and humidity before the toxins can develop. 

The actual method of storage of rice or paddy varies according to the local 
custom. At Gourangdih it is usually stored in what are called kuchuns. The grain 
is placed on a bed of straw which forms the inner lining of the kucJmri and wholly 
encloses it. A cocoon-like structure is built round it with rope, also made out of 
straw. They are more or less spherical in shape with the diameter varying from 
2 to 4 feet. To protect them from the damp they are placed inside the rooms 
on a raised platform made out of bamboos or stones. 

In well-to-do families the year’s requirement of the grain is gradually husked 
and stored, after the harvest, during the winter months. The Icuchuris serve 
to store the rice and the daily requirements are drawn from them by poking a stick 
between the coils of the rope and tilting it up to make a small temporary hole. 
Extra supply of grain which may be used for payment of wages or for sale is store 
as paddy in what are known as morais. These more or less cubical structures 
are much bigger than the hucliuris, the sides varying from 4 to 6 feet an 
the heicfht from 5 to 8 feet depending upon the amount of grain stored, iney 
are- constructed more or less like the kucJmris but being, larger the sides are 
reinforced with pieces of split bamboos. They are built on a \yooden piatiorm 
raised from the ground to prevent damp. They may be placed inside the ^ec s 
or in the open compound, in which case a thatched roof is bunt on them 
protect them from rain and sun. 
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Still larger quantities of grain are stored in especially constructed mud-chambers 
called hamires, built on wooden platforms with a side-door placed near the top, 
which is used both for putting in more paddy and for removing it. 

AVhatever the method used we were satisfied that the rice or paddy was 
thoroughly protected from the damp during storage. The poor people who do 
not owir land or those w'ho do not raise sufficient crop to last throughout the year 
obtain jjaddy as wages for the work they do and husk it as required. The residents 
of Patherkandi, Karimganj, Sjdhet, and Twenty-Lines, being non-cultivators usually 
buy rice in small quantities from the villagers who sell the rice and paddy. The 
sun-dried hand-pounded rice being the one usually consumed, the husked grain 
is not stored for long as this variety rapidly deteriorates when stored. 

At Calcutta, it was impossible to ascertain the storage peroid of the rice, but 
it can, w’ith reasonable certainty, be assumed that almost in every case it was stored 
for some months before it 'reached the consumer. The distribution of families 
in relation to the habits of storing rice is shown in Table X. 

Table X. 

Disiribulion of families according as they used stored or fresh rice. 


(«) All the families 'of Qouraugdih, Patherkandi, and Calcutta ‘A’. 




Freshly 

husked. 

Stored for 

Both freshly 




more than 

husked and 

Totals, 



a month. 

stored. 


Gour-ingdih 

< Affected .. 

( Total 

39 

101 

u 

39 

19 

.53 

72 

193 

P.itkprkaitili 

( Affected . . 

( Total 

17 

122 

0 

7 

0 

0 

17 

129 

Calcutta ‘ A ’ 

( Affected . . 

( Total 

0 

0 

18 

06 

0 

18 

CO 

Sylhet 

( Affected . . 

■1 

2 

n 

6 

(Survey area] 

( Total 

298 

25 

0 

323 

Combined 

f Affected . . 

\ Total 

60 

.521 

31 

137 

19 

,53 

113 

711 


(6) Affected families of Karimganj, Sylhet, and Twenty-Lines. 



Freshly 

husked. 

Stored. i 

j 

Totals. 

Karimganj 

21 

1 ! 

22 

Sylhet . . 1 

.56 

13 

69 

Tu enty-I.ines . . ' 

12 

1 ! 

i 
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It would appear from Table X(a) that at Gourangdih, Patherkandi, andSylhet 
a relatively small number of families used stored rice at the time of investigation, 
whereas in Calcutta ‘ A all the families used stored rice only. Prom the com- 
bmed data, however, it does appear that families using stored rice were at a 
disadvantage but the difference is not significant. However, as shown in Table 
X(6), a large number of people may be stricken with epidemic dropsy even though 
they use only freshly husked grains. 

{Hi) The question whether there was any grouping round of cases to a 
common source of supply of rice was also iiwestigated. The relevant data are 
contained in Table XI. 


Table XL 

Distribution of families according to the source of rice supply. 


{a) Affected and unaffected families. 




SoimoE or eioe. 




Only self- 
grown. 

Only shop. 

Only stray 
cultivators. 

V.arying 

sources. 

Totai-s. 

Qouratigdih. 

Affected 

42 

6 

0 

24 

• 

72 

Totals . . 

110 1 

18 

0 

66 

193 

Expected number . . 

41-0 1 

1 

6-7 

0 

24-2 

1 

• • 

Patherkandi. 



■■■ 

1 

1 

1 

Affected 

0 

() 


0 

17 

Totals . . 

0 

.5 


0 

127 

Expected number . . 

0-7 

1 

0-7 


• ' 

• • 


(b) Affected families at Karimganj, Sylhet, and Twenty-Lines. 




SOUBCE OF ETCE. 


Totals. 


Only self- 
grown. 

1 

Only shop. 

1 

Only stray 
cultivators. 

Varyine; 

sources. 

Karimganj 

3 

0 

18 

1 

8 

22 

dO 

Sylhet . . 

0 

0 

59 

13 

Twenty-Lines . . i 

3 

0 

8 

11 

104 

Combined . . ' 

. i 

8 

0 

85 


These data clearly bring out the fact that cases were not confined to_ persons 
obtaining their rice supply from a common source. In fact, simultaneous miection 
of a large number of separate stores of rice will have to be assumed it rice was 
to be held responsible for conveying the infection or elaborating the toxin. n 
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Calcutta, however, where the families obtained their rice supply from different 
shops no association of any group of affected families with any particular shop 
could be demonstrated. 

(m) Ttice-ivaler . — If epidemic rlropsy was due to a water-soluble toxin it is 
reasonable to assume that the disease would be either entirely absent or rare 
amongst people who habitually throw away water in which the rice is boiled and 
that it would be relatively common amongst those who consume the rice-water. 
The relevant data are set out below : — 

Table XII. 

Dislribulion of cases and non-cases according to the use or rejection of 

rice-water. 

(«) All the families of Gourangdih, Patherkandi, and Caleutta ‘A ’. 



Rice-water 

used. 

Rice-water 

rejected. 

Totals. 

Cases . . . . 

14 

283 

297 

Totals 

488 

1,405 

1,893 

Case incidence per cent . . 

2-87 

20-14 

15-69 


x2 = 81‘70 P = less than 0-01 (significant). 


(6) Cases and non-cases in the affected families of the different places 

of investigation. 



Ricc-wiiter . | 
used. 1 

1 

1 1 

Rice-water 

rejected. 

Totals. 

i 

Cases 

f 

30 

707 

737 

, Totals 

80 

1,535 

1,615 

Case incidence per cent . . 

37-5 

46-06 

45-63 


x2 = 2-25 P = between 0-2 and O-l (not signifieant). 


The result of this analysis is contrary to what would be expected on the basis 
of the rice theory. In Table Xll(a) incidence of cases amongst the consumers 
of nce-water is significantly less than in the other group. Data given in Table 
^1(6) are of great interest. While the throwing away of rice-water does not 
afford any safeguard against the occurrence of the disease factors common to the 
members of the family are, as also shown before (Table VIII), of greater 
importance than the habit regarding the use of rice-water. 

the sometimes used and sometimes rejected the rice-water are excluded from 






198 Investigations into^ the Epidemiology of Epidetnic Dropsy. 


{v) ‘ Diseased ’ rice according to the ‘ rice theory ’ develops an opacity which 

is employed as a rough and ready test of infection of the grain. The position of 
the opacity varies in different samples of rice. It is claimed that the distinctive 
type of opacity which signifies infection is in the centre of the grain with a clear 
zone around. At times one meets with a linear opacity along the margin of the 
grain which may extend into its substance to a varying extent sometimes involving 
greater part of the grain. It is difficult to assume that this type of opacity is 
essentially different from the typically central opacity and that it is of no signi- 
ficance. IVe have, therefore, included both types of opacities in estimating the 
intensity of ' infection ’ in the samples of rice examined by us {vide Table XTII). 

Table XIIL 


Gases according to the percentage of opaque grains consumed at the time of investigation 
{data referring to Gourangdih and Patherkandi). 


Per cent: — 

10 

20 

30 

40 

50 

60 

j 

70 j 

80 

90 

100 

1 

TOT.iLS. 

lases 

4 

8 

20 

51 

34 

53 ’ 

26 

24 

8 

0 

22tS 

rotal 

15 

51 

201 

290 

232 

283 

200 

105 

28 

0 

1,40.5 

!ase incidence 
per cent . . 

26-7 

15-7 

9-95 

17-6 

14-7 

lS-7 

1 

13-0 

22'1) 

28-6 

• • 

lfi'2 


These data are not easy to interpret because the rice examined did not 
necessarily come from the same stock as was consumed by the victims prior to the 
development of cases in the faniily. However there is slight advantage in favour 
of the families not using ‘ heavily infected ’ grains but this difference i^ statisti- 
cally insignificant, as can be shown by comparing the variation around the mean 
(5,884 ’9) and that around a straight line fitted by the least square method with 
the percentage of opaque grains as an independent variable (5,515 ’5). 

At Karimganj, Sylhet, and Twenty-Lines, this opacity, especially the marginal 
one, was very commonly met with both in the affected and unaffected families. 
We have reasons to believe that the opacity of the grain is characteristic of certain 
varieties of rice independent of infection. We shall discuss this subject in greaier 
detail in a subsequent communication. 

2. Analysis of data with reference to the mustard-oil intoxication theory. 

While the geographical distribution of rice eaters is pretty wide, that of the 
habitual consumers of mustard oil is much more restricted and the latter does, in 
fact, closely coincide with the epidemic dropsy area as roughly depicted in ilaps r 
and 2. Similar remarks apply to age and race distribution of cases in an 
epidemic area. Unlike the rice theory, how'ever, this theory lacks dram ion 
and the exact nature of the poisonous base has never been indicated. hor_ e 
present purpose, it was assumed that a deleterious substance was introduced in o 
the system through the vehicle of mustard oil. A summary of 
the people with regard to the use of mustard oil is given m Tables A t 

XIY(6), and XIV(c)'. 










THE MUSTARD OIL CONSUMING AREAS 



.. Only mustard oih 
_ Mustard oil in small quantities. 
No mustard oil. 


202 Investigations into the Epidemiology .of Epidemic Dropsy. 

These tables bring out an important point, namely, that no case was seen 
amongst the non-consumers of mustard oil. The interpretation of these data is, 
however, complicated by a number of associated factors. In the first place, the 
distribution of the oil from the manufacturer to the consumer is complicated by 
the fact that the oil undergoes repeated admixtures with different brands of 
mustard oil or sometimes with other oils and that in this process the name of 
the brand also undergoes many changes. Besides, not only does the consumer, 
usually get his oil from more than one grocer but the grocer himself invariably 
secures his supply from more than one merchant or occasionally from a 
number of mills direct. This complicates the issue further and it is extremely 
difloicult, either for the grocer or for the consumer, to say as to what particular 
brand of oil was used. In many cases tlie managers of the stores are unwilling 
to give correct information for fear of incurring odium. These difficulties are 
obviated when the oil is purchased by the family in the original containers. This 
practice is rather uncommon, but at Karimganj and at Jamshedpur instances 
came to our notice where the source of mustard oil could be definitely traced. In 
both the places, the available evidence gave strong reasons to associate a 
particular consignment of the oil from a known source with epidemic dropsy 
cases. The data relating to Karimganj are described in detail in Part V of this 
series (this issue). At Jamshedpur, more definite evidence associating a 
particular brand of mustard oil with cases of epidemic dropsy was obtained. 

Jamshedpur epidemic . — Jamshedpur has a population of about 100,000 
composed of people from all provinces of India and of a small number of 
foreigners. Altogether 222 cases involving 52 Bengalee and 14 non-Bengalee 
families occmred within five weeks commencing from the first week of October. 
The Bengalee families, as usual, were habitual consumers of rice and mustard oil, 
while of the non-Bengalee families, all but one had taken to the food habits of 
the Bengalees. Even in the remaining one family mustard oil and rice did not 
form inconsiderable constituents of the daily fare. 

Jamshedpur receives its mustard oil supply mainly from four mills, one of 
which is located in the town itself. This mill had been in existence for a good 
many years, and had a good reputation and a large clientele in the town. Two 
grades of oil were supplied by this mOl — the ‘ red ’ and the ‘ yellow ’ brand — the 
former being the superior of the two and guaranteed pure. Table XV, which sets 
out information regarding the use of the ‘ red ’ brand oil by the affected families, 
is of considerable interest. 

Further, inquiries made at seven other shops which had no affected families 
on their clientele showed that none of them stocked -the suspected oil. 

These facts would show that the use of ‘ red ’ brand mustard oil obtained from 
the above-mentioned mill was a factor common to practically all the affected 
families. The association of the suspected oil with the incidence of the disease 
is further strengthened by the fact that all the affected families which purchased 
the oil in original containers did so within the period of five weeks from the beginmng 
of October 1936 to about the middle of November 1936. Moreover, the first cases 
in these families occurred within one to two weeks of the conimencement oi the 
use of the suspected oil. There is one exception in which this period was_ ^bout 
a month. These facts would appear to fit in very well with the hypothesis that 
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for some reason or tlie other a particular consignment of a well-known brand 
of oil may in some way cause an outbreak of epidemic dropsy ■ amongst its 
consumers. It jiiust, however, be noted that definite information was available 
about ten families in which the suspected brand of oil was consumed but which 
had remained unaffected. The dates on which the suspected brand of oil was 
purchased and used were not available. 


Table XV. 


Distribution of the affected families according to their source of 
mustard, oil supply. 
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Another difficulty that arises in regard to the setiological role of mustard oil 
in epidemic dropsy is the want of suitable controls due to the universality of its 
use as an article of diet in parts of India which are subject to outbreaks of epidemic 
dropsy. However, in large towns like Calcutta, Benares, Jamshedpur, etc., it has 
been observed that the disease is confined to the Bengalee families or to such other 
families as have adopted Bengalee habits of food. This point is best illustrated 
by Table XVI. 

This table also shows that both in the Bengalee and the non-Bengalee 
communities increase in the amount of mustard oil consumed roughly bears a 
relation to the incidence of the disease. However, for equal consumption of the 
oil. there is a difference in the morbidity rates in the two communities. Is it due 
to a special vulnerability of the Bengalees to this disease which may be racial or 
due to rice or other food habits ? 


3. Distribution in relation to the contact infection theory. 

Like the mustard-oil theory, this theory also lacks definition. The causal 
agent has not been demonstrated, the portals of discharge of infection and those 
of entry and the means of transmission have not even been suggested. The simplest 



Table XVI. 

Cases and non-cdses according lo the quantity {in ounces) of mustard oil consumed per head per week {Calcutta figures). 
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way iu which infection ina}^ spread is by contact, for, as Chopin says ‘ if it can 
explain epidemiological phenomenon, there is no occasion for assuming the growth 
of pathogenic germs outside the body or of infection by air or any similar theory 
and no such theory should be adopted unless pretty strong evidence can be brought 
to its support The following tables give information relevant to the contact 
infection theory : — 

Tabt.e XVII. 


Distribulioii of cases according to the degree, of contact. 



Social or 
profesaional 
contact. 

Contact due 
to living with 
patient. 

No laiown 
contact. 

Totals. 

(a) Data referring to all the families at Qourangdih, Patherlcandi, and Oakutla (A). 

Casts 

74 

188 

39 

301 

Totals 

707 

520 

714 

2,010 

Cose incidence per cent 

9-65 

36-54 

5-40 

14-98 

(6) Data referring to affected families only. 


Cases 

120 

404 

119 

742 

Totals 

i 

1,400 

1 

•• 

1,409 


Table XVII{a) seems to indicate that contact with cases increased the liability 
to get the disease and that this liability increased with the intimacy of contact. 
But this finding is complicated by the fact that intimate family contact went hand 
in hand with the consumption of a common diet. 

Table XVII{&), however, shows that quite a large number of cases denied any 
history of contact. The 119 cases must be the first cases in the affected families, 
for once a case develops in the family, the other cases that follow and other 
unaffected members of the family are to be reckoned as contacts. 

In contrast to the epidemic at Gourangdih, where the sequence of events 
suggested imported cases as sources of infection, there were instances of importation 
of eases into imaffected families, two at Patherlcandi, eight at Karimganj, and 
three at Sylhet in none of which secondary cases developed. 

To test the contact infection h}q)othesis further it is necessary to study the 
data more closely. If infection was spread by contact, the state of congestion in 
which the family lived should bear a direct relation to incidence or, to be more 
precise, to the development of secondary cases in the family. The size of the family 
should be another determining factor. To correlate the congestion and incidence 
rate, it is necessary to eliminate the complication introduced by differences in size 
of the families. This has been accomplished by applying the method of partial 
correlations. 
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Before treating the data statistically it is necessary to eliminate certain other- 
sources of -error arising out of heterogeneity- The most important of these factors 
is that of age. It has been shown that children under five years are seldom affected 
but beyond this age all persons are more or less equally liable. Again, economic 
status has a bearing on the rates of incidence. The disease is practically limited 
to the middle class people — the poor people being almost entirely free from the 
attack. In working out the correlations, therefore, children under five years were 
excluded. As regards the economic factor, comparisons were, where necessary, 
restricted to families of similar economic status. 

Congestion. — This was calculated on the basis of ‘ room per person ’. Thus 
if a persons in one family occupied C a rooms and /3 persons in another family 
occupied C rooms, then the congestion in both cases was C. In wmrking this 
out the total number of persons living under similar states of congestion was first 
found out and from the cases developing (excluding the first c.ases in each family 
because here we are concerned with the spread of the disease in affected families) in 
those specified populations the rates of incidence corresponding to varying conges- 
tions were calculated. The table below gives the rates of incidence for different 
degrees of congestion. 

Table XVIII. 

Distribution of congestion and the rate of incidence in the affected 

families. 


Congestion. 

j Incidence. 

Congestion. 

Incidence. 

0-07 

I 

1 0'43 

0-39 

0-29 

0-09 

0-30 

1 

0-40 

0-48 

0-10 

j 0-06 

0-42 

0-36 

0-1.5 

0-8.1 

0-43 

0-S3 

0-17 

o*r>7 

0-44 

0-35 

0-19 

0-33 

0-50 

0-38 

0-20 i 

0-29 

f 

0-55 

0-40 

0-22 ' 

' 0-19 

0-60 

0-60 

0-25 

0-40 

0-67 

0-47 

0-27 

0-40 

0-71 

0-58 

0-29 

0-58 

0-75 

0-40 

0-30 

0-31 

0-86 

0-43 • 

0-31 

1 

0-33 

1-00 

0-70 

0-33 

0-39 

1-25 

0-67 

0-38 

0-26 

1-33 

0-60 






7 ?. B. Lai and S, C. Roy. 


207- 


The coefficieiifc of correlation is -{-0'432‘1. This result is biased because the 
effect of the size of the families has not been removed from this. In order to 
calculate the associatioji between size and incidence the total number of persons 
belonging to different sizes was found out and the rates of incidence for respective 
groups were worked out after excluding the first cases from all the affected families. 
The table lielow gives the incidence as related to the size of the family. 


Tame XIX. 

Dislribufton of the rale of incidence and size in the 
affected families. 


Size. 

IncidPiicp. 

Size. 

Inoideiiee. 

2 

O-oO 

1 

10 

0-30 

3 

0-38 

11 

0-37 

4 

0-41 

12 

0-35 

® ! 

0-29 

13 

0 - 3.5 

6 

0-53 

1.5 

0-.50 

7 

0-40 

16 

1 

0-33 

8 

0-36 i 

IS 

0-60 

9 

0-26 

20 

O-ll 


The coefficient of correlation is — 0'2209, 

In order to find out the independent or partial coefficient of correlation between 
congestion and incidence, and size and incidence another correlation coefficient 
has to be worked out between size and congestion. 
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Table XX. 

Distribution of size and congestion in the affected families. 


Size. 

Congestion. 

Size. j 

i 

Congestion. 

2 

0-71 

10 ' 

0-26 

3 

0-50 

11 1 

1 

0-31 • 

4 

0-10 

1 

12 : 

1 

0-32 

6 

0-37 

13 1 

0-38 

6 

0-41 

15 

1 

0-16 

7 

0-33 

16 

0-22 

8 

0-38 

18 

0-44 

9 

0-33 

20 

0-20 


The coefficient of correlation is —0-6948. 

If the numbers 1, 2, and 3 denote respectively congestion, size, and incidence, 
we have, 

^12= -0-6948 
ri3= +0-4324 
^23= -0-2209 

The partial correlations obtained from these are : — 

^13-2 = +0-3976 
^’23-1 = +0-1227 

The value of ^13-2 (+0-3976) shows that as congestion diminish^, i.e., the 
number of rooms per person increases, the incidence also increases. Inis resu 
goes against the contact infection theory according to which a Ingn nega iv 
correlation ought to have been obtained. 


Summary. 

1. Field investigations have been conducted in seven different centres m 
connection 'with__outbreaks of the disease. 
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2. A set scheme for the collection of data has been followed and two schedules, 
one for the family and the other for the individual, ‘so designed as to facilitate 
mechanical analysis, have been used for recording the information. 

3. The main facts brought out by an analysis of the data are : — 

(rt) Age is a determining factor in the incidence of the disease. Breast-fed 
infants always escape, children under five are rarely affected and 
beyond this age group, there is practically no dift’erence in the 
incidence of the disease. 

(b) There is no difference of incidence in the two sexes. 

(c) Hindus and ^Mohammedans are equally liable to suffer. 

(d) Epidemic dropsy is chiefly disease of the middle class people. 

(e) Bengalees or those following their dietetic habits are most susceptible. 

{/) Factors common to the members of the family are more important in 
determining the incidence than merely the food habits (vegetarian 
or non-vegetarian) of the individual. 

(g) A striking fact in connection with the rice theory is that those who 
habitually reject the water in which rice is boiled are definitely more 
affected than those that use it. Probably economic status has 
something to do with this distribution. 

{h) No case is found amongst the non-consumers of mustard oil. Other 
things being equal the incidence increases with an increase in the 
quantity of mustard oil consumed. , 

, (i) As the number of rooms per person increases, the incidence also rises, 

a finding which goes against the contagion theory. 


Conclusions. 

1. The data presented failed to support either the rice theory or the contagion 
theory. 

. 2. The observed facts could best be explained on the hypothesis that epidemic 
dropsy was due to a deleterious substance of unknown nature and origin, which 
might be present in certain supplies of mustard oil. 
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APPENDIX 1(a). 

Epidemic Dropsy Inquiry, I. R. E. A. 

Family Schedule. 

I, TI Village No. lU. IV House No. V, VI Family No. 

Date of visit. VII Fortnight of onset. 

Name of head of family 
Father’s/Husband's name 

VIII Drinking water source tank well tube-well river. lake others 

12 3 4 5 6 

IX Rice storage Rice freshly husked -3m -6m -1 year over 1 yeai 

0 12 3 4 

Paddy 5 6 7 8 

X Source of rice Selfgrown Village shop 

10 0123456789 

XI Other village affected unaffected unknown 

1 2 3' 

XII Name of mill Locality affected unaffected unknown 

0 1 2 

XIII Percentage of opaque grains lO 20 30 40 50 60 70 80 90 joo 

012346678a 

XIV Method of storage of rice 123456789 
XV New rice (fortnight) 

XVI No. of persons in the family 

XVII Number of shop in village or ‘ Kulu ’ house 
XVIII Shopkeeper's source of supply 

Visitors 

XIX When -Iwk -2wk -4wk -2m -5m -Gm 6m.- 

0 1 2 3 4 5 6 

Locality affected unaffected unknown 

6 7 8 - 

Environmental conditions 

XX No. of rooms occupied by family 

XXI Sanitary condition good fair bad 

12 3 

XXII Adults 

XXIII Children 

XXIV No. of cases of epidemic dropsy m the family within last one year 

XXV Sample Rice yes no Atap milled dhenki Parboiled milled dhenlci Mustard oil yes no 
123 4 66 

XXVI Economic status P. IVL U. M. & R. 

12 3 

( 210 ) 
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Epidemic Dropsy Inquiry, I. R. F. A, 

Family ScJiedtcle Index. 

I, n Village No. 

I. Gourangdih, II. P.atherkandi, III. Calcutta ‘ A 17. Calcutta ‘ B V. Kariraganj, 
VI. Sylhet, VII. Twenty-Linea, VIII. Jamshedpur. 

IX Rice storage 

-3m = less than 3 months ; -6m = less than 6 months. 

XIV Method of storage of rice 

(1) Pvice in huchuri or similar containers (under damp condition) 

(2) „ „ ., „ „ „ ( dry „ ) 

(3) Paddy,, „ „ „ „ | damp „ ) 

(4) „ „ „ „ .. ( » dry „ ) 

(5) „ „ moral „ hamire 

(6) Rice in gunny bags, earthenware pots, or similar containers (under damp conditions) 

(7) „ „ „ ,, „ ,* ,, ft }! { », dry' ,, ) 

(8) Small quantities of rice at a time" ( „ damp „ ) 

(9) 1 , ,, *> t. »» >» *» ( *» dry „ * ) 

Visitors. 

XIX When ; 1 wk = less than 1 week ago ; -2 wk = less than 2 weeks ago ; -4 wk = less than 

4 weeks ago ; -2m = less than 2 months ago ; -Sra — less than 5 months ago ; -6m = less 
than 6 months ago ; 6m- = more than 6 months ago. 

XXVI Economic status ; — P = poor ; M = middle class ; U. M. & R. = upper middle class and 
rich. 

APPENDIX 1(6). 


Epidemic Dropsy Inquiry, I. R. F. A. 




General Case Schedule. 


I,^II. Ill Serial 

No. 

IV, V Village No. 

VI, VII House No. 

vm, IX Family No. 

Investigator 

X, XI Week of visit 



Father's 


Name 


Husband's 


XII Age 0- 

I- 

1- 3- 5- 16- 25- 35- 

45- 55- 66- 

0 

1 

2 3 4 5 6 7 

S 9 10 

xin Sex m 

f 

Marital status s m w 

Religion h m c o 

1 

2 

3 4 5 

ej 7 8 9 

XIV Caste hr 

bd kay 

gow sarak bag ban mht bania dora 

krmkr mch kulu &hm others 

0 

1 2 

3 4 5 6 7 8 9 

10 11 12 13 14 


XV Occupation 11 ag cnl spk fh ms ml art med stc wm swp hwo hwc ' hwnc beg 


01 2 34667 8 

9 10 11 

12 

13 14 15 

t ah c nk 




16 17 IS 19 




XVI Health well indifferent a-ill ch-ill Name of illness .c 

case 

doubtful note a case 

I 2 3 4 


5 

6 7 

XVII Previous history of epidemic dropsy -6m 

6m- -ly 

-2y 

-6y -lOy 

1 

2 3 

4 

5 6 

XVIII Economic status P. M. U. M. & B. 





7 8 9 
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Since tLe epidemiological data collected by us, at seven widely separated 
places where outbreaks of epidemic dropsy had occurred (vide Part II, this issue), 
failed to lit in with the various theories regarding the aetiology of the disease, we 
decided to put the different food theories to test by feeding human volunteers 
under controlled conditions. In selecting the material for our food experiments 
we had occasion to examine a few samples of rice bacteriologically and we soon 
discovered that Gram-positive spore-bearing proteolytic eerobes could be isolated 
from both the opaque and the non-opaque grains. This observation led us to 
investigate the matter a little more closely. We, therefore, repeated the experi- 
ments of other workers to see if the organisms of this type were especially abundant 
in the opaque parts of the grains with typical central or other types of opacities. 

( 215 ) 



Table 

Results of bacteriological examination of samples of Tmn. usmy cu/imerciai jormann as me dzsznjecla^it. 


\ 





• In this and subsequent tables, the denominator denotes the total number of grains or half grains planted and the numerator, the number of those 
Showing growth. Grains failing to give growth were kept under observation for seven days. These reuiarba also apply to results presented in 
subsequent tables. 

■}'P=Fine, M=Medium, C=Coarse, P=Parboiied, S=Sua-dried, H=Hand-pounded, in=Milled. 



Table 1(a) — concld. 
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The siuiiples were mostly obtained from the market and' were mixtures of clear 
grains and grains with different types of opacities. Some of the samples, 
obtained from families in wdiich cases of epidemic dropsy had occurred and also 
from families w’hich had escaped from the disease during an epidemic in the village 
or the town, were included in these experiments. The examination consisted 
of : — 

(1) Naked-eye appearance of the grain for determining its variety and 

grade. Any obvious opacity present w^as also noted. 

(2) ‘ Water-test ’ to confirm the type of opacity. 

(3) Bacteriological examination of both clear and opaque grains from the 

same sample. 

The usual technique (Pa.sricha ct ah, 1936) for the isolation of organisms from 
rice practised at the School of Tropical Medicine, Calcutta, -n-as employed. This 
consisted of : — 

(1) Steeping the grain in conunercial formalin for five minutes to destroy 

the surface contamination. 

(2) Washing the grain repeatedly in sterilized distilled water or normal 

saline solution after removing it from the disinfectant. 

(3) Planting the wdiole rice grain as well as the cut surfaces of the grain 

on nutrient agar plates. The plates were incubated at 37°C. till 
growth appeared or for seven days if there was no growth. The 
results of these experiments are given in Table !(«) (see also note 
below'). 

In view of the fact that the results presented above were different from those 
reported by other workers, further experiments to test the efficacy of formalin as 
a disinfectant for the surface of the grains were performed in which all possible 
precautions were employed to eliminate any error in technique. The results are 
reported in Table 1(6). Only whole grains free from maci'oscopic opacity were used 
for these experiments. 


Table 1(6). 

Results of experiments to test the efficacy of formalin as a disinfectant 

for rice grains. 






PUEIOD 

OF OBSERVATION AND 

o 


Grade, method 

Period of 


RESULTS. 


53 

a 

'C 

Local name. 

of husUiiig 
and process 
of milling.'' 

into the 
disinfectant, 
in minutes. 

24 hours. 

^ 48 hours. 

72 hours. 

in 



1 

1 

! 


1 

Desi 

M. P. Ml. 1 

(a) 5 1 

1/33 

2/33 

2133 



1 

(6) 10 

0/31 

1 0/31 

1 ; 

0/31 


" Medium, C = Coar.se, P = Parboiled, S = Sun-dried, H = Hand-pounded, 




Grade, motbod 
of buakiug 
and process 
of milling.* 


Period of 
immersion 
into the 
disbifeetant 
in minutes. 


BESULTS. 




Mi = Milled. 
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‘ Table 1 ( 6 ) — conld. 


Serial number. 

Local name. 

Grade, method 
of husking 
and process 
of milling.* 

" 

j 

1 

1 

Period of 
immer.sion 
into the 
disinfectant 
in minutes. 

Period 

OF OBSERVATION AND 

RESULTS. 

24 hours. 

48 hours. 

72 hours. 



( 

(a) 5 

19/19 

19/19 


12 

Balam 

M. P. Ml. 

1 







1 ' 

(6) 10 

8/21 

20/21 

i 

20/21 



j 


(a) .5 

4/22 

j 

21/22 

22/22 

13 


1 


(6) 10 

1/29 

5/29 

2.5/29 



r 

(n) 5 

0/28 

0/28 

0/28 

u 

Desi 








1 


0/26 

0/26 

0/26 



f 

(a) 5 

1 0/36 

0/36 

0/36 

15 









1 

(b) 10 

1 0/34 

0/34 

0/34 



r 

(a) 5 

4/35 

30/35 

35/35 

1(1 

Balam 

1 







1 

1 

(6) 10 

0/30 

2/30 

i 

20/30 



r 

(n) 5 

3/32 

30/32 

32/32 

17 


1 







1 

(ft) 10 

0/31 

25/31 

30/31 

i 



1 

r 

(a) .5 

j 

0/46 

6/46 

40/46 

18 


j 

1 : 







1 

1 

i 

(ft) 10 

1 : 

0/28 

0/28 

11/28 


1 

f 

(a) 

5/25 

24/25 

24/25 

19 



1 







.. 

1 

1 

(ft) 10 

0/30 

.5/30 

26/30 



! f 

(a) 5 

20/25 

25/25 

25/25 

20 





1 




i ” 

1 ; 

(ft) 10 

0/24 

23/24 

23/24 

21 


J 


(o) 5 

6/20 

1 

18/20 ' 

18/20 



1 1 

1 

(ft) 10 

0/33 

8/33 

10/33 


* ^,= Fine, = iledium, C = Coarse, P = Parboiled, S = Sun-dried, H = Hand-pounded, 
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Table 1 ( 6 )— cohcM. 


Serial number. j 

Local name. 

j 

' j 

Grade, method 
of husking 
and process 
of milling.* 

Period of 
immersion 

j PEItlOD 

! 
i 

OP obseuvation and 

KF..SULTS. 

into the 
disinfectant 
in minutes. 

1 

! 

24 hours. 

48 hom’s. 

72 hours. 



( 

j 

1 

1 («) 5 

20/25 

25/25 


22 

Salam 

M. P. jifl. 







1 

(b) 10 

0/30 

3/30 

1 3/30 

1 


! 

1 

1 

I 

1 (a) 0 

G/23 

23/23 

j 

23 : 



1 



1 



i 

1 (i) 10 

0/25 

15/25 

j 15/25 


' j 

1 

(a) 3 

0/31 

2S/31 

i 28/31 

24 ■ 

,, j 

” » 






t 1 

1 , 

(h) 10 

0/29 

0/20 

0/20 

m 

i 

( 

{«) .5 

15/33 

18/33 

I 

1 20/33 


Desi 

f 







1 

1 

(6) 10 

0/30 

0/30 

1/30 



f 

(a) 5 

i 2/38 

2/3S 

2/38 

28 


1 






1 

i 

^ 1 

(b) 10 

1 0/39 

0/39 i 

1/39 



f 

1 

(«) .'i 

1 

2/32 

2/32 

2/32 

27 

1 

f 







1 

(b) 10 

0/3S 

0/3S 

1/38 



r 

(a) 5 , 

0/27 

0/27 j 

0/27 

2S I 

i 

it 

" 1 

(b) 10 ; 

1 

0/31 

0/31 j 

1 

0/31 


t 

! 

( 

(«) 0 

0/21 

0/21 

1/21 

29 

1 

■■ I 

(h) 10 

0/26 

0/26 1 

0/26 



( 

(a) 5 

0/26 

1/26 

1/26 

30 

,1 

1 

1 

■■ 1 

(6) 10 

0/27 

0/27 

0/27 


* ]? = Fine, M = Medium, C = Coarse, P = Parboiled, S = Sun-dried, H Hand pounded, 
Ml = Milled. 

jyofg ^The above samples of rice were obtained from different shops in Calcutta. The peno 

of storage and epidemic history of the place were not ascertained. 










Bose (1924) has drawn artcir'on to flu' tlu't fluff ertu'iofff sferilifff fluff ut' (hu 
surface of the rice {^rain coukl !«' crtccfoil bv usiuu i iff KOfHf sulufiuu vxf ^^ul\s^fv^' 
sublimate. Mercuric pcrchluridc i'' the '=a)f of a heavy hivah'Uf tueial wiflx a 
strongly to.xie cation and !•> a suitable disinfeefaiu tuv vutr jweseut mfvmvM\ 
because here we arc inainlv eoneerued with Ui'aui nusiiive ui'jiaifl''iffs, liffle xu' 
w fs present to inferfei e u ith Us aelioii ami iiu peuefvatffiif etlVef is dv'sived. 

'^'e, therefore, decided to repeat our e.xjxerinteiits iiaiitp (Ida salt tu the same 
dilution as employed by Bose, but adding ff'U per eeid of hydvoehlot'U' aeid txt make 
It rnore efficient. A set of parallel ex[>eriinents with the two diainfeetaflta were 
at the same time using an e(|nal nninber tif gt'iiina iff eaeh instatiee, hi 
oth eases, plates were kejit under ob.servation f»tr 7'.! lionra or longer if there wiia 
no growth. The results are shown in 'rahle II, 

, ^hese experiments fully eonitrmed onr jireviotta obai'rvittioim aa well aa 
' ose of Bose. They showed tliiil no growth eoiihl he ohtained front inaide 
elim^*^^^^ whatever type of opacilv may be prejteiil, if niirfiiei' growth eutthi he 


mercuric perciiloride, being ii Hidine dtninfeeliinf, hiui it verv low 
con*-l coefficient (n being .'i’H in lernm of Ilg-ioiiH). Before drawing thud 

^ therefore, became ncccsHiiry lo (t'nt whether tnereitry wan depoaited 
tlie°'^ psorbed by the surface of th<* grain in miHteh'iil. (|iiaidiiliien fo inii'rfere with 
growth of the organiniiia in tlie opaitim interior of tJie grain even 
he gram had been thoroughly wiialn'd. 




(6) No opacity 
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As a matter of fact, on testing with a saturated solution of sulphuretted 
hydrogen, a faint trace of mercury could be demonstrated on the surface of the 
grain even after a very thorough wasliing such as was carried out in our experi- 
ments. However, it was observed that at no stage in the experiment did the 
metal penetrate into the interior of the grain, but it remained confined only to a 
thin outer zone as demonstrated by sectiom'ng the rice which had been treated 
with sulphuretted hydrogen before washing. To eliminate error arising out of 
the possible action of this trace of mercuric perchloride on the surface of the grain 
in interfering with the subsequent growth, from the opacity,.due to its permeation 
to the centre of the grain, two tjqpes of experiments were devised as given 
below : — 

(1) Before planting the entire or the split grains on the nutrient agar plate 
the surface of the grain was gently scraped to remove all traces of mercury. 
This operation did not make any difference in regard to the results previously 
obtained, as will be seen from Table III. 


Table III. 


Residts of bacteriological examination of samples of rice using mercuric 
perchloride as the disinfectant. Scraped grain being used. 


Sample number. 

1 

1 

Type of opacity. 

! ! 

Entire 
or cut 
surface. 

Period op observation and eesdlt. 

24 hours. 

4S hours. 

72 hours. 


1 

r 

Entire 

0/3 

0/3 

0/3 

1 

(6) No opacity - 

1 







l 

Split 

0/6 

0/6 

0/6 


f 

Entire 

0/3 

0/3 

0/3 ^ 

2 

(a) Central J 

i 





1 

Split 

0/6 

0/6 j 

0/6 


1 

r 

Entire 


0/3 



(ft) .No opacity J 

1 






1 

1 

Split 

0/6 

0/6 

0/6 



r 

Entire 

i 0/3 

0/3 

0/3 

0 

1 (a) Central J 

1 






1 

1 

1 

Split 

0/6 

0/6 

0/6 


1 (4) No opacity { 

Entire 

0/3 

0/3 

0/3 


! 1 

Split 

0/6 

0/6 

0/6 
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Table Xll~concld. 





1 




• 


Period oe observation and result. 

a 


Entire 




S3 






Type of opacity. 

or cut 




a* 

surface. 

24 hours. 

48 hours. 

72 hours- 

d 

OQ 







r 

Entire 

0/3 

0/3 

0/3 

10 

{a) Central 



Split 

0/6 

0/6 

0/6 


(6) No opacity -{ 

Entire 

0/3 ' 

0/3 

i 

0/3 


1 

Split 

1 

0/6 

1 0/6 j 

0/6 


• 

Entice 

0/3 

0/3 

0/3 

20 

(a) Central 




' Split 

0/6 

0/6 

0/6 


(6) No opacity 

Entire 

0/3 

0/3 

0/3 


Split 

0/6 

0/6 

0/6 


(2) In these experiments both clear and opaque grains were used. A fine 
hole was bored in the centre of the grain. The bottom of the hole was carefully 
touched without coming in contact with the outer part of the hole, with the point 
of a fine needle, which had been previously contaminated with ‘rice-bacillus’, 
obtained through the courtesy of Dr. A. J. E. DeMonte of the School of Tropical 
Medicine, Calcutta. The opening was then sealed with paraffin-wax. These 
grains were then treated with mercuric perchloride, washed, and plated as before. 
The results are given in Table IV. 


Table IV. 


Eesults of hactenohgical examination of rice artificially inoculated with 
‘ rice-bacillus the surface of the grain being subsequently sterilized 

with mercuric perchloride. 


S 

-i! 

a 

§ 



Period of observation and result. 

Type of opacity. 

\ Entire or 

1 split. 

[ 



72 hours. 

a" 


24 hours. 

48 houiB. 

cc 



I 


■- 

i 

No opacity -f 1 

Vi 

' Entire 

0/3 

0/3 

0/3 

1 

Split 

6/6 

6/6 

6/6 
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Table IV — coiidd. 


Sample number. 

TjTie of opacity. 

Entire or 
split. 

Period or 

OBSERVATION AND. RESULT. 

2-1 hours. 

48 hours. 

72 hours. 


f 

Entire 

0/3 

2/3 

2/3 

2 

(a) Central i 







Split 

6/G 

6/6 

6/6 


f 

1 Entire 

0/3 

2/3 

2/3 


(51 No opacitv -! 







1 Split 

0/6 

6/6 

5/6 


\ 

Entire 

0/3 

1/3 

2/3 

9 

(a) Central -[ 






/ 1 

Split 

6/6 

G/6 

i 6/6 


1 

Entire 

0/3 

1/3 

1/3 


(61 No opacitv -( 







Split 

3/6 

6/6 

6/6 


f 

Entire 

0/3 

0/3 

0/3 

10 

(a) Central -1 






1 

Split 

4/6 

6/6 

6/6 


( 

Entire 

0/3 

1/3 

2/3 


(6) No opacitv I 







Split 

2/6 

6/6 

6/6 


f 

Entire 

0/3 

0/3 

1/3 

16 

(a) Central 1 






1 

Split 

0/6 

6/6 

5/6 


f 

Entire 

0/3 

0/3 

2/3 

18 

(a) Central { 






1 

Split 

5/6 

6/6 

6/6 


f 

Entire 

0/3 

1/3 

1/3 

20 

(») Ho opacitv 






i 

Split 

2/6 

6/6 

6/6 


The non-permeation of the disinfectant in the interior of the grain is thus 
irly demonstrated. In many instances growth was obtained from the whole 
ins also which was due to the leakage of the inoculum either through the bore 
3rack ill the grain, which might have developed at the time of washing or subse- 
mt drying of the outer surface. 

Gloster (1928) made sections of the so-called diseased grains and he failed 
find any evidence of liquefaction in the central opaque parts of the grains. 
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Hundreds of split grains were examined by us macroscopically and no evidence 
of liquefaction could be found. In a few samples infested with weevils {Silvams 
suranimensis^) the interior of the rice, which contained the beetle in all stages of 
development, was reduced to powder and the shell could easily be crushed between 
two fingers. 

Artificial production of opacity. ' 

It is stated that storage of rice under warm and damp conditions favours 
infection of grains with B. vulgatus and subsequent production of opacities in these 
grains. Experiments were conducted in which these conditions were imitated 
to see if opacities could be developed artificially in clear grains. Medium grade, 
parboiled, and milled grains which are believed to be most vulnerable to infection 
were employed. To further facilitate infection, saline emulsion of organisms, 
used for artificial inoculation in previous experiments, was sprinkled over the 
grains before storage. The grains were put in small open--mouthed earthen-ware 
pots and in small gunny bags. 

These containers were placed on 4-inch thick layers of earth kept damp by 
frequent sprinkling of water, in a dark iil-ventilated room under the staircase. 
Similar containers, having unseeded rice, were also kept side by side with them, to 
serve as partial controls. Other samples of seeded and unseeded rice were placed in 
similar vessels and kept on the laboratory table. These experiments were conducted 
in August and September when conditions are said to be most favourable for the 
development of opacities. On examining the samples, kept in the dark room,, after 
three weeks’ storage, it was found that in all cases the grains in the lower portion 
of the containers had matted together and overgrown with fungi with considerable 
evolution of heat, but the upper layer had remained unaltered. No change was 
noticed, in the grains, kept on the laboratory bench, even after many months’ 
storage, except that they became weevil eaten in course of time. Further 
experiments were conducted by placing seeded and unseeded rice, in sterile Petri 
dishes with wads of cotton-wool, moistened with water, placed in the centre. The 
dishes were kept in the incubator (at 37°C.) for 6 weeks but no opacities developed. 


Collection of opaque grains from non-epidemic areas. 

In Part II of this series (this issue), attention has been drawn to the fact, that rice 
forms the staple article of diet in many parts of India but epidemic dropsy is confined 
to a comparatively small and restricted area. It was, therefop, thought tliat a 
study of rice obtained from non-epidemic dropsy areas will be of interest. Samp es 
of clear grains and those showing tjqiical central opacity were sent out m sma 
capsules containing glycerine to different parts of India with the reques a 
samples of rice containing a fair proportion of similarly opaque grmns may be sen^ 
to us, together with the information about the prevalence of any disease resem m^ 
epidemic dropsy in the locality. In response to this request a nurnber oi samp 
was received from different districts of Madras. According to the sp e 
received, there were no cases of epidemic dropsy present in the ^ 

time. In fact, for all wm know, the disease was unknown in these par s o 


* Kindly identified for us by Dr. H. P. Chowdliury. 
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ejjideuiics of beri-ljcri including the wet form had been reported from Guntur and 
Kistua Districts in 1929-30. The samples of rice, obtained from Madras, were 
subjected to macroscopic and bacteriological examinations. 

Information regarding the presence and t 3 ^e of opacities is given in Table V. 
The results of bacteriological examination were very similar to those obtained 
with the Bengal samples. It is not considered necessary to reproduce them here. 

Table V. 


Samples of rice from various dislricts of Madras distributed aceording to the 
type of opacity and the percentage of opaque grains. 



It is clear from the above table that the occurrence of the various types of 
opacities including the typical central opacity is not confined to regions where 
epidemic dropsy is prevalent. 


Conclusions. 

(1) The technique, so far described, for the surface sterilization of rice grains 
with formalin for demonstrating the infection in the central opacity failed, in our 
hands, to give the desired results in certain samples of rice. 

(2) Growth from the surface of the grain could be effectively prevented by 
means of mercuric perchloride solution in 1 in 1,000 dilution, acidified with 0’5 
per cent hydrochloric acid. 
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(3) The traces of mercuric perchloride, left on the surface of the grain, in the 
process of disinfection, did' not in any way interfere with the growth of the 
organism artificially introduced in the centre of the grain. 

. (4) The presence of the ‘ rice-bacilli ’ in the central or other types of opacities 
in the rice grain could not be demonstrated if surface contamination was efiectively 
eliminated. 

(5) E,ice with high percentage of typical centrally opaque grains might be 
found in certain parts of Madras where epidemic dropsy does not occur. 

(6) We failed to produce opacity in clear rice grains seeded with B. vulgaius, 
by storing them in a damp, warm, ill-ventilated cellar or in the incubator (at 37°C.*) ' 
provided with sufficient humidity. 
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APPENDIX. 


Fermentation reactions of sporeforming cerobes isolated from rice. 


Sample 

number. 

Lactose. 

Dulcite. 

Salicin. 

Mannite. 

r 

Maltose. 

1 

Glucose. 

Saccharose. 

1 

1 (b) 

1 

1 

““ 1 

1 

— 

1 

1 

A 

1 

A 

A 

2 (fl) 1 

— 


A 

A 

1 

A 

1 

A 

A 

2 (&) ! 

— 

— 

1 

A ! 

1 

i 

1 

A 

A 

A 

A 

14 (a) 

1 1 

— 

— 

1 

A 

A 

A , 

A 


See Table II for particulars regarding these samples. 
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In a number of outbreaks reported by different authors, cases have arisen 
in association with imported cases in villages or localities which were free from 
the disease. The course of events in such outbreaks suggested the transmission 
of the disease from one person to another by close contact or droplet infection. 
Many workers have supported this view, some of whom have been referred to in 
Part I of this series (this issue) to which reference may be made. Our own 
observations {see Part II, this issue) at Gourangdrh were suggestive of the 
contagion theory. An opportimity to test the validity of this theory occurred 
after the conclusion of our first feeding experiment which will be described in a 
subsequent communication. 

Towards the end of July 1936, information was received about the outbreak 
of epidemic dropsy amongst the Indian warders in a jail in Calcutta. There were 
89 warders who resided in two barracks in the jail area, 43 occupying barrack 
No. I and 46, barrack No. II. They were derived from different communities 

( 233 ) 
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and formed into five distinct groups, each having dift'erent messing arrangements. 
As a rule members of the same group occupied contiguous beds {see Diagram 1 



for the distribution of the beds of the members of various groups 


barrack 


No. II). 










R. B. Lai and S. C. Roy. 235 

The messing arrangements of the different groups are shown in Table I. 


Table I. 


Messing anangements of the various groufs of warders. 


Group- 

Proviaco of origin. 

Religion. 

I. 

Bengal 

Hindu 

II. 

i 

»« 

i 

Muslim ' 

1 

III. 

i 

Up-country (Bihar, 
U. P. and Punjab). 

Hindu 

1 

IV. 

(a) 

Muslim 

1 

! 

d) 

1 

1 

i 

It 

1 

V. 

1 

1 

Up-country (Punjab) 

Sikh j 


?iic“*group" I ' Messing place. 


Barrack No. I Messing together in 
I shed A. 


( 


Barrack No. II , Separate kitchen in 
1 shed A. 


34 


17 


I Barrack No. I , Individual kitchen in 
* I shed A. 


} Own kitchen in shed 

A. 


Barrack No. II , Messing together in 
1 shed B. 


„ I Messing together in 

shed B. 


The two kitchen sheds A and B were located near barracks Nos. I and II 
respectively. The different meases w’ere partially separated from one another 
by partition walls. 

The outbreak which started on the 15th July, 1936, had two striking features. 
It was confined to the Bengalee Mohammedans, five out of seven of whom became 
victims, and all the cases developed wdthin a week. The order in which cases 
occurred is shown in Diagram 1. The arrangement of beds of the cases and the 
rapidity with which they developed would at first sight suggest droplet infection. 
However, strange though it seems, three men in this group slept in a common 
double bed during that part of the year and one of the men who escaped, shared 
the bed with the two others who developed the disease. Besides, the servant, who 
cooked for them but lived outside the jail area, was also attacked about the same 
time. 

development of the last case, the sites 
of me beds were re-allotted so that the beds of tbe patients alternated with those 
of. healthy up-country Mohammedans. The distance between the adjacent beds 
varied between 12 and 18 inches and the passage between the beds was feet 
(mde Diagram 2). 
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Proper arrangements were made to ensure that each individual slept in the 
bed allotted to him. The patients as well as their healthy neighbours were kept 



Diageam 2. 

under observation till the 18th August, 1936, Each y^^„casionaIIy 

examined on alternate days. The other residents of the barrack w 
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examined for oedema of legs and frequent inquiries about tbe development of 
gastro-iutestinal symptoms were made. 

Eor a fiurtber period of three weeks, bi-weekly examination of the contacts 
was carried out, but no secondary cases were detected. 

In connection witli this epidemic we Iiad a rare opportunity of studying the 
quantity and quality of food partaken, from day to day, by members of each group, 
as tlie accounts of daily purchases were carefully maintained by the secretaries 
of the different messes. A careful analysis of the articles of food consumed by 
the members of the different groups was made. A resume of the findings is given 
below : — 

Group I. Bengalee Hindus. 

(1) Eice for both meals. 

(2) Eish almost daily and mutton about once a month. 

(3) Mustard oil daily but practically no ghee. 

(4) Vegetables, dais, spices, etc. 

Group II. Bengalee Mohammedans. 

Practically the same diet as that of Bengalee Hindus, 

Group III. Up-country Hindus. 

(1) Eice for midday meal, and atla and very rarely rice for the evening 

meal, 

(2) Ho fish or meat. 

(3) Small amounts of mustard oil and a fair quantity of ghee, 

(4) Vegetables, dais, spices, etc. 

Group IV. Up-country Mohammedans. 

(]) Eice for the midday meal and alta for the evening meal. 

(2) Meat (mutton or beef), about 2 to 3 times a week and fish occasionally. 

(3) Pair quantities of mustard oil and variable amount of ghee. 

(4) Vegetables, dais, spices, etc. 

Group V. Sfirhs. 

(1) Atta for both meals. 

(2) No fish, but occa,siona]ly mutton. 

(3) No mustard oil, but plenty of ghee. 

(4) Vegetables, dais, spices, etc. 

Since rice and mustard oil are of special importance in this connection, these 
two articles were closely studied. Main points are tabulated below. 

The notes regarding rice refer to the stock in use at the time of investigation. 
In the case of Group II the supply of rice was obtained in bulk two weeks prior 
to the commencement of the outbreak. Vitamin-Bi content of this sample was 
39 International units per 100 g. which corresponded to the vitamin-Bj content 
M partially polished rice. With regard to mustard oil, it was used only by Bengalee 
Hmdus and Mohammedans in any quantity. ° 
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Table II. 


Particulars about the rice and mustard oil consumed by the different groups. 


Group. 

Eice. 

Mustard oil. 

I. 

Parboiled, milled, medium grade, 2 per cent of the 
grains .showing central opacity. Fair growth of 
spore-formers on culture. 

From the jail and rarely a day’s 
supply from the bazaar. One 
ounce per head per clay. 

IT. 

Parboiled, coarse, milled, no grain showed typical 
central opacity but 10 per cent of the grains 
showed marginal opacity. Some grains were weevil 
eaten. On culture as before, copious growth of 
spore-formers. 

From a shop in Kidderpore. 
One ounce per head per day. 

i 

III. 

Parboiled, milled, medium grade, 18 per cent of the 
grains showing central or marginal opacity. No 
growth of spore-formers on culture. (This refers 
to the sample obtained from one kitchen with 
three members.) 

From the jail and occasionally 
a cliiy’s supply from the bazaar. 
A very .small quantitj- per 
head per day. 

IV. 

Parboiled, milled, mixed medium and fine, 10 per 
cent of the grains showed central opacity, badly 
weevil eaten. Fair growth of spore-formers on 
culture. 

From the jail and occasionally 
a day’s supply from the bazaar. 
About one-fourth ounce per 
head per day. 

V. 

No rice 

No oil. 


The warders are expected to purchase the oil from the jail and they are allowed 
a concession of one anna per seer. The Bengalee Mohammedans were, therefore, 
at first unwilling to admit that they had been purchasing oil from the bazaar. 
The facts, however, came out on examination of theh mess accounts. The jail 
oil is issued only on Tuesdays, Avhile the account showed purchases made on other 
days and the rate charged was also less than the price payable by them at the jail. 
The servant on interrogation supplied the name of the shop from which he had been 
purchasing the oil. An attempt was made to trace the oil from the shop to the 
mill but it proved abortive. 

Conclusions. 

(1) No evidence in support of the contagion theory was obtained; However, iii 
the absence of any knowledge of the period of infectiousness of the cases, if any, 
the possible method of spread, and immunity status of the contacts, the infection 
theory cannot be definitely discounted. 

(2) The evidence points towards some article of diet consumed by the members 
of the afiected group as being the causal factor. Only the fact that mustard oil _ 
was purchased from the bazaar for use in their mess is significant. 
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In Part I of this series we have given a historical siu-vey of the literature on 
the epidemiology of epidemic dropsy and have shown that the setiology of the 
disease is still shrouded in mystery and that the discussion mainly centres round 
three theories which have superseded other minor theories. The setiological agents 
according to these three theories are ; — 

(1) ‘ Diseased ’ rice, 

(2) Poisonous mustard oil, and 

(3) Infection communicable through close personal association with cases. 

The rice theory does at present hold the field and forms the basis of adminis- 
trative action, but none of the above theories can claim universal acceptance. In 
the eastern provinces, the disease frequently confronts public health workers as 
a major problem which becomes very vexatious in the absence of basic knowledcfe 
and definite scientific guidance. In attacking this problem, we have followed'^a 
long and tedious course which involves several stages that must necessarily be 
passed through in any systematic study. The historical survey was necessary 

( 239 ) 
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for tlie appreciation of tlie magnitude of the problem and of the arguments advanced 
by difierent workers placed under various circumstances. It provided us 
with a knowledge on which working hypotheses could be based that would form 
the background for further studies. The next stage was to observe in a precise 
manner, the events as they occurred in the field and the relevant facts which might 
help in seeking their explanation. These studies have been described in Part if of 
the series (this issue). They threw doubt on the validity of the rice theory, pointed 
out certain difficulties in accepting the contagion theory, and provided suggestive 
evidence for incriminating mustard oil as the probable mtiological agent. Thus, 
they served to narrow down the issues, but by themselves they could not ofier 
positive evidence as to the nature of the mtiological agent. Each of these hypo- 
theses remained to be tested under more controlled conditions. The significance 
of opacity in rice has been discussed in Part III of the series and it has been 
shown how difficult it is to accept the hypothesis that the opacity is due to the 
invasion of the rice grain by a spore-bearing mrobe. The negative results 
obtained on testing the contagion theory in a semi-isolated community have 
been discussed in Part IV of the series. In this communication we sliall describe 
p series of feeding experiments on human volunteers, living under strictly con- 
trolled conditions. We believe that the results obtained confirm the tentative 
conclusions arrived at in our previous papers and throw a flood of light on this 
complicated problem. Altogether three experiments ^v■ere conducted. 

General scheme op the experiments. 

(а) Human subjects . — Twelve volunteers were selected .from amongst^ the 
convicts in Calcutta jails for each experiment. Tfiey were clinically examined, 
special attention being paid to the heart, lungs, bowels, blood, and urine. Those 
showing any detectable defects were rejected. They'' were promised richer and 
more delicious food in lieu of which they were requhed to give a written under- 
taking that they were willing to undergo the risks involved in the experiment, 
that they would not take any food except what was given to them by us for as 
long as the experiment lasted, and that they would subject themselves to medical 
examination when requhed to do so. They were allowed to perform their allotted 
duties but their movements were restricted so as to control their contact amongst 
themselves and with persons from outside. A watch was kept on new entrants 

to the jails, especially on those that were placed in the same barracks or workshops 

with the volunteers. There were no cases of epidemic dropsy in these jails at the 
time of the experiments, 

(б) Food . — Three meals were served daily according to fixed schedules.^ ^ 

Provisions were daily received from the jail stores 

oil which W'ere supplied by us. Two varieties of rice were 
‘ healthy ’ rice was medium grade, parboiled, and milled, uiiv. -- — , 

was also of the same type except that it had been stored for some tmre an 
40 per cent opaque grains. The ‘ healthy ’ rice yielded on cultme few or no sp 
bearing serobes while the ‘ diseased ’ rice gave good growth, ^ ^ 

Mustard oil was also of two kinds. One was the jail oil 
the time by the rest of the jail population ynd the other was „ jji the 

had been collected in the course of our investigations on_epidemic orop y 


except nee aiicimu^taxv. 

purchased in bulk. I ® 
1 jt. _ f T1C6 
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field. The two kinds of rice and tlie two kinds of mustard oil were stored separately 
in a special godown which was kept under lock and key, so that th^ stores could 
not be taken out except under the supervision of one of us. Vessels for taking 
out the rations bore special marks to prevent any possible mix-up. Cooking was 
done under supervision in a separate kitchen, and all the necessary precautions 
were taken to ensure separate cooking of the two kinds of rice, as also of the curries, 
etc., with the two kinds of oil. Meals were also served under supervision and 
a note was made of the approximate amount of rice and mustard oil consumed 
by each prisoner. Any food left over was destroyed and the vessels were cleaned 
and properly stored under supervision. In all the three experiments, for purposes 
of special diet, the volunteers were divided into four groups of three each. Members 
of each group lived and worked together along with other prisoners but no two 
groups occupied the same barrack. The allotment of sleeping berths to each 
volunteer and his immediate neighbours was made before the commencement of 
the e.xperiment and this arrangement continued throughout. 


Experiment I. 

As we have shown in a previous communication, cases of epidemic dropsy 
are most frequently seen amongst the middle-class Bengalee adults. Our subjects 
were, therefore, selected from amongst the educated Bhadralog class. They 
were more or less alike in their education and social habits and were employed as 
clerks or convict supervisors. They took keen interest in the experiment and 
intelligently co-operated with the investigators. With a view, however, to avoid 
the possibility of any errors arising out of the psychical effects, the exact nature 
of the differences in the special ingredients entering into the dietary of the control 
and the experimental groups was kept strictly confidential. Each individual was 
clinically examined before the commencement of the experiment, and found 
healthy. Malarial parasites were not found in the blood, differential count was 
normal, and the stools were free from parasites or eggs. The urine in all cases was 
free from sugar and albumin. The men had been in prison for at least three months 
and had had no history of sickness during this period. They were kept under 
observation for more than a month before the commencement of the experiment. 

The suspected mustard oil. — About 85 ounces of oil was secured in its original 
container from an affected house at Karimganj. The evidence on which this brand 
of oil was suspected of being associated with epidemic dropsy may be briefly 
stated as follows ; — 

Karimganj had been free from epidemic dropsy for some months when a 
consignment of this particular brand of mustard oil (Gopal brand) was received 
from an oil mill in Calcutta by two wholesale provision stores ‘ A ’ and ‘ B ’. The 
family of ‘ A’s ’ proprietor resided in three different groups, viz., (1) group ‘ a ’ in- 
the market area, (2) group ‘ ai ’ in the village home at Karnamadhu, and (3) 
group ‘ aa ’ in the residential area of the town. Groups ‘ a ’ and ‘ aj ’ were each 
supplied with about 20 seers of ‘ Gopal ’ oil at about the same time, whereas group 
aa ’, not being in need of more oil at that time, did not receive any, but was 
supplied with a different brand of oil at a later date. The first two groups were 
badly affected whereas the third completely escaped in spite of occasional close 
contact with the affected groups. 

J, MB 
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The family of ‘ B’s ’ proprietor lived in two groups, one in their village home 
at Boran, and the other in the market area of Karimganj. Those living in the 
marlcet area lodged in four different shops, but messed together. Both the groups 
used ‘ Gopal ’ oil which had been purchased in the original containers (about 20 
seers each). Cases began to crop up in both groups simrdtaneously. 

Apart from these grocers’ families, none others were stricken with epidemic 
dropsy at Karnamadhu or at Boran. There were other instances in which isolated 
families were affected in different villages and in each case, history of purchase of 
‘ Gopal brand ’ oil from the stores ‘ A ’ or ‘ B ’ at about the time referred to above 
could be traced. The head of the family, from which we obtained the supply 
of oil for this experiment, also kept a grocer’s shop at Karimganj, but having 
run short of his stock he had purchased ‘ Gopal brand ’ oil in the original container 
from ‘ B’s ’ shop for family use. Two branches of the family lived at Karimganj 
and the third resided in the village home at Bagabari. The consumption of this 
oil was simultaneously started by all the tliree branches of the family and all 
suffered from epidemic dropsy. 

Controlled feeding . — Special food was given from the 25th May, 1936. The 
common schedule of diet for all the four groups was as follows : — . 


Early morning. 

Rice . . 

Dal 

Mustard oil (jail 
product for all) . . 


3 to 4 ounces per head, 
1 ounce per head. 

1/12 ounce per head. 


Midday. 

Rice . . 

Dal 

Fish . . 

Vegetables 
Mustard oil . . Jo 
Salt and spices as required 


7 to 9 ounce 
2 ounces 
U „ 

4 ,5 

^ ounce 


head. 

I 

9 ? 

99 

99 

>9 


Evening. 

Rice . . . . 6 to 8 ounces per head. 

Dal . . . . 2 ounces „ „ 

Meat or fish (3 times 

a week) .. 1| „ „ „ 

Vegetables . . 4 „ „ » 

Oil . . • • s ounce „ 

Salt and spices as required. 

The only differences in the food of the four groups were with regard to the 
kind of rice and mustard oil used in the above schedules. Thus 

Group I received ‘ healthy ’ rice and jail-produced oil. ^ 

II „ »> >; ' suspected ’ oil. 

Ill ’’ ‘ diseLed ’ rice and jail-produced oil. 

” lY ‘ suspected ’ oil. 
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Ou tlio 8tli June, i.e., 14 clays after the commencement of the special feeding, 
the supply of the suspected oil was exhausted. Each volunteer had, up to that 
date, consumed from 230 to 290 ounces of rice and 14 ounces of oil of the respective 
variet 3 ^ "No untoward symptoms were noticed in any of the subjects. The 
experiment, however, was continued for another week using oil of probably the 
same brand collected from another affected family. Each person had by this time 
consumed 21 ounces of oil. Only one volunteer X in group II complained of loss 
of appetite, burning sensation in the stomach, and slight constipation. These 
symptoms persisted for three days and the usual carminative mixture did him 
no good. 

As only about 10 ounces of the ‘ suspected ’ oil were left, it was withheld 
from all the volunteers, except X who continued to take the oil for the next three 
days. At the end of this period he was attacked with the common cold, and 
showed a slight rise of temperature for a day, when his usual diet was stopped and 
milk was given to him instead. He was relieved of all his symptoms .on the 20th 
June, 1936. 

As the supply of ‘ suspected ’ oil was all exhausted, the experiment was 
conducted on six volunteers as before to see if the ‘ diseased ’ rice, when used for a 
long time, could produce the symptoms of epidemic dropsy. The other six were 
kept as controls. This continued up to the 8th July, 1936, when the experiment 
was concluded. At the end of the experiment and for more than three weeks 
after this, all the subjects were periodically examined and all of them were fonnd 
to be in sound health. 

The gastro-intestinal symptoms and the rise of temperature observed in 
volunteer X simulate early symptoms of epidemic dropsy but their correct inter- 
pretation is difficult. The total amount of ‘ suspected ’ oil ingested by him was 
31 ounces, which, as we shall see later, should be quite sufficient to cause symptoms, 
if the oil was really potent. In any case the experiment should be considered as 
inconclusive. 

Experiment II. 

This experiment was an exact replica of experiment I, except that none 
of the subjects selected belonged to the Bhadralog class. The two varieties 
of rice employed were from the same stocks as used in experiment I, but the suspected 
oil was the one secured from a family in Jamshedpur dming the .outbreak described 
in Part II of the series. Four out of six members of the family had been stricken 
after consumption of the oil which had been purchased in the original container 
from the particular mill mentioned before. The first case in the family occurred 
after 13 days’ use of the oil. 

Here again the number of volunteers was 12. They were as before divided 
into four equal groups according to the kind of rice and mustard oil on which they 
were put. For convenience of description, the groups in this experiment bear 
the same numbers relative to the ‘ healthy ’ and ‘ diseased ’ rice and jail-produced 
and ‘suspected’ mustard oil, as in experiment I. ' The diet schedule in the two 
experiments was identical, except that a greater amount of oil (a little less than 
2 ounces per head) was used in cooking. The special feeding commenced on the 
22nd January, 1937, and continued uneventfully till the 26th, by which time each 
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subject had consumed 85 to 105 ounces of rice and 7\l ounces of oil. On the 27th, 
three convicts, namely D* (II), B (IV), and C (IV), complained of abdominal 
uneasiness, fullness and acidity, and refused the early morning meal. They, 
however, took the midday and the evening meals though in slightly smaller 
quantities. Next day they made no complaints. On the 29th, however, all the 
subjects belonging to groups II and IV complained of loss of appetite, gurgling, 
fullness, and a vague sense of discomfort in the abdomen. They felt they did not 
have satisfactory motions and suggested an opening dose. All except A 
(IV) suffered from ill-defined pains all over the body, especially about the joints. 
Members of groups I find III on the other hand were all quite happy and enjoyed 
their meals. CEdema of the legs, pitting on pre.ssnre, appeared next evening 
in D (II), A (IV), and B (IV). While in the last two cases oedema was 
more or less confined to the legs and was equally developed on both sides, in 
D (II) it extended to the right foot and was definitely more developed on 
this side than on the other. Typical flinshing of the affected parts was noticed 
in B (IV). • Later the subjective symptoms became more marked in D (II) 
whose duties entailed hard physical laboiir. He complained of exhaustion on 
slight exertion and of his inability to carry on his work. All the members of groups 

II and IV except B (IV) felt feverish at night and F (II) was admitted to 
the hospital with a temperature of 103°F. on the 31st January. No mahiria 
parasites could be detected in his blood next day, but he had had some quinine 
at night. No marked change in the knee-jerk of individual subjects was noticed. 
These developments had their effect on the morale of the volunteers and 
members of ^oups II and IV except A (IV) expressed their unwillingness 
to continue with the experiment. Later the nenmusness spread to members of 
other groups. Even though they had no definite complaints some men of group 

III declined co-operation. (More detailed notes regarding each individual will 
be found in Appendix I.) All the subjects of the experiment were independently 
examined by Dr. B. N. ChowMhury, Dr. S. Sundar Eao, and Colonel E. N. Chopra, 
I.M.S., of the Calcutta School of Tropical Medicine. They confirmed our main 
clinical findings and agreed that the signs and symptoms in A (IV) and 
B (IV) had resulted from special feeding and that they resembled those seen 
in epidemic dropsy. A point of special interest is that A (IV), who unlike 
his compatriots continued to take the experimental diet till the 8th February and 
altogether consumed 27 ounces of ‘ suspected ’ mustard oil, had not_ entirely 
recovered from his illness till the 28th March when he W'as last seen._ His weight 
was reduced from 108 lb. to 100 lb- and swelling appeared in the evenings after the 
day’s wmrk. The characteristic flush in the affected parts could also be observec . 
Dr. Eefatullah of the Eye Infirmary who kindly examined the patient for 

the 21st March was unable to find any abnormality in the eyes. Eegarcimg 
D (11) there was difference of opinion as to the nature and _ cause ot i 
oedema because he was found to be a chronic filarial subject, the evidence oi w uc 
had unfortunately missed our attention in the previous examination. Leaving ^ 
case out of consideration we come to the conclusion that a condition clmica } 
resembling epidemic dropsy could be produced by the use of certain consigpnien 


* The letters stand for individuals and the Roman figures in brackets refer to the o P 
which the subject was placed. This system has been used throughout. 
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of mustard oil eitlier alone or in combination with ‘ diseased ’ rice. In order to 
clear up this point experiment III was conducted in which no ‘ diseased ’ rice was 
used. 

It should, however, be noted that the ‘ suspected ’ oil used here was 
unadulterated in as much as it satisfied the requirements of the Bengal Food 
Adulteration Act of 1919. The analysis of a sample of the oil was kindly carried 
out for us by Dr. A. K. Sen and his report was as follows : — 

Saponification value 174’7, iodine value lOI'O. It does not contain any of 
the following, viz., (1) linseed oil, (2) sesame oil, (3) ground-nut oil, (4) castor oil, 
(5) mineral oil. It is genuine mustard oil. 

Samples of mustard oil of the same brand collected from other affected 
families and used in experiment III were reported to be slightly adulterated. 

Experiment III. 

The experiment was designed a little differently from the other two. The 
total number of vohmteers was the same, namely 12. All received ‘ healthy ’ rice 
from the same stock as was used in the previous experiments. The only variable 
factor was the mustard oil. The subjects were, therefore, divided for purposes 
of feeding into two groups instead of four, one receiving the ‘ suspected ’ oil and 
the other the jail product. With a view to prevent the spread of nervousness 
amongst the volunteers, each group was subdivided into two sub-groups of three 
each. Separate residential, working and feeding arrangements w'ere made, so that 
one sub-group could not directly communicate with the other. Extra care was 
taken in the clinical examination before the commencement of the experiment and 
for this purpose the collaboration of Dr. E. N. Chowdhury was secured. The 
basic schedule of diet was the same as in previous experiments, but the following 
additions were made : — 

1. Two ounces of uncooked pulped tomato with a dash of tamarind and 

unrefined sugar {gur) or two pieces of fresh lemon. 

2. Fish twice every day. 

3. Increase in mustard oil to 2J to 21 ounces per head. 

4. As a change chapati was given in place of the morning meal three 

or four times. 

Sub-groups, I and II received the ‘ suspected ’ oil and sub-groups III and IV 
were given the jail product. To begin with, the ‘ suspected ’ oil was the same 
as used in experiment II, but after 12 days when this stock was exhausted, oil 
recovered from another affected family of Jamshedpur was substituted. Four 
out of ten members of this family had had the disease, the first case being 
developed 12 days after commencing the use of this oil. 

Special feeding commenced on the 17th February, 1937. All the six volunteers 
in sub-groups I and II complained of loss of appetite on the 25th or 26th February, 
by which time they had consumed from about 19 to 214 ounces of the ‘ suspected ’ 
oil. A' (I), B' (II), and F' (II) further complained of unsatisfactory evacuation 
of bowels and other intestinal disturbances. C' (I), B' (I), and D' (II) felt 
feverish at night. ^ On the 26rh the last named developed hypersemia and 
cedema on both sides which were more marked on the legs than on tlie 
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feet. Two days later lie was admitted, to the hospital with a temperature 
of 103°!?. and cough, where, as a result of rest in bed, milk diet, and strong purga- 
tion, the oedema subsided but hyperoimia continued. His two comrades in the 
same sub-group were also admitted to the hospital on the 2nd March, one on 
account of bleeding from the gums and the other due to fever and burning sensa- 
tion all over the body. Thereafter all the tlrree gave up the experimental diet. 
However, E' (II) and E' (II) who were discharged from the hospital after one day’s 
stay and had returned to their normal duties on convalescent diet developed oedema 
of the legs, eight and ten days later respectively, which persisted for over a fort- 
night. Of sub-group I, two members developed fever and bad cough. All three 
continued on the experimental diet though in smaller quantities till 13th March 
except for one man who missed it for foiu- days when he was in hospital. They all 
developed oedema of the legs {see Plate VIII) between the 9th and the 12th March, 
and showed dilatation of heart. Later two of them suffered from bleeding gums. 
(Edema in all the six subjects was characterized by its almost complete disappear- 
ance in the mornings and reappearance in the evenings. Practically no oedema 
could be demonstrated after two or three days’ complete rest in bed. Knee-jerk 
in all cases remained unaltered. Urine was sterile* on culture and was free from 
red blood cells and pus cells, but hyaline casts were found in the urine of five 
cases in two of whom^granular casts and epithelial cells were also seen. There was, 
however, no albumin or sugar. 

All the subjects were again kindly examined by Dr. R. N. Chowdhuryon the 
12th and by Lieut. -Colonel E. H. Vere Hodge, i.ar.s"., on the 16thf. Both of them 
confirmed the main clinical findings and declared them clinically identical with 
mUd cases of epidemic dropsy. These views were also shared by Dr. K. V. lirishnan 
who jointly examined the cases with Lieut.-Colonel E. H. Vere Hodge, i.m.s. 
Dr. Refatullah who conducted a complete eye examination of all the subjects on 
the 21st March was unable to detect any abnormality. 

The appreciation of the value of this experiment mainly rests on the clinical 
findings before and after the administration of the special diet and therefore 
abstracts of clinical notes together with other relevant information are given m 
Appendix II, where a brief statement of the ground covered in course of the 
clinical examination will also be found. 

Discussion. 

Epidemic dropsy is rather an ill-defined clinical entity which closely resembles 
and may be easily confused with certain types of beri-beri. It is more tiian 
probable that the aetiological factors concerned in epidemic dropsy and b^i- eri 
are entirely distinct. The main clinical features which the clinicians in Benga 
rely upon for distinguishing epidemic dropsy from beri-beri are symptoms or gas ro 
intestinal irritation, peculiar mottling of the skin and haemorrhage from 
surfaces. Progressive anaemia is another important sign. Absence of perip leia 

* One or two samples of urine showed evident contamination with Staphvloc^cus ^ of 

t C' (I) who presented well-marked clinical syndrome {see Appendix II) suffer from 

consideration by Lieut.-Colonel E. H. Vere Hodge, because he stated „,jjiatiou the 

palpitation after hard -w ork even before the experiment commenced. On physical 
heart was found perfectly sound before the commencement of the experiment. 





Plate VIII. 



Characteristic oedema as seen in the experimental group. 
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the gastro-intestinal symptoms was five to six days. QEdema was delayed. The 
interval in this case was more variable being from 9 to 23 days. The field observa- 
tions, more particularly at Jamshedpur, would seem to suggest almost the same 
period for the aj)pearance of cedema. Having traced the oil, the public should be 
given relevant information about the consignment of oil which is responsible for 
, the outbreak, so that they might discard its use. This action will not prevent 
the appearance of new cases, because people who have already taken sufBcient 
quantity of the poisonous substance will necessarily be attacked, but removal of 
the causal factor will limit the size of the epidemic and perhaps increase the pro- 
portion of mild cases which would have become serious if continued use of the 
deleterious oil had been permitted. 


Summary. 

(1) Three experiments on human volunteers^living under controlled condi- 
tions designed to test the role of ‘ diseased ’ rice and ‘ suspected ’ mustard oil in 
the production of epidemic dropsy have been described. 

(2) In one experiment practically no positive results were obtained. In the 
second experiment two, possibly three, subjects out of the six fed on another 
consignment of ‘ suspected ’ mustard oil developed signs and symptoms strongly 
suggestive of epidemic dropsy. In the two definite cases, the role of ‘diseased’ 
rice as a subsidiary mtiological factor could not be excluded. In the third experi- 
ment no ‘ diseased ’ rice was used, but all the six persons fed on ‘ suspected, ’ 
mustard oil developed well-marked signs and symptoms characteristic of epidemic 
dropsy. None amongst the control groups, which were of the same size as the 
experimental ones, developed any symptoms. 

(3) An interval of five to six days elapsed between the commencement of 
feeding and the development of gastro-intestinal symptoms. QEdema appeared 
after 9 to 23 days. 

(4) Persons who took the deleterious oil for a short time made rapid recovery, 
but symptoms persisted for considerable time in those who used the oil over three 
weeks. 

(5) Practical application of the results presented here is discussed. 

Conclusion. 

Evidence has been presented which strongly supports the conclusion that 
epidemic dropsy as commonly met with in epidemic form in Bengal, > 
and Assam is caused by the ingestion of a poisonous substance conveyed ^hro^g 
the agency of mustard oil, the nature and origin of w’hich is at present unknow 
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APPENDIX I. 

Examination of individual volunteers, 

(A) Experimiintal group ; — 

A (IV — ‘ diseased ’ rice and ‘ suspected ’ mustard oil), well-developed, hard-working and bright 
Hindu male, 27 years, weaver, been in jail for two years. No previous illness and complaints since 
in jail. Height 5 ft. If in., weight 108 lb. Pulse 62. 

Total, amount of special food consumed : — 

Dates : 22-1-37 to 8-2-37 ; rice : 256 ounces ; oil : 263 ounces. 

Signs and symptoms after the commencement of feeding : — 

Subjective symptoms : — 

29- 1-37. Discomfort in the abdomen, gurgling, and diminished' appetite after ingestion of 

12 *. ounces of oil and 146 ounces of rice. 

31-1-37. Pever at night, giddiness, gurgling in the abdomen and disinclination for uork. 
Towards the end of the experiment, the appetite had greatly diminished and ho took 
about a third of tho food he used to take before the commencement of the experiment. 

Physical signs : — 

General appearance j dull and very much reduced. 

Weight: 19-1-37, 108 lb. ; 31-1-37, 107 lb.; 7-2-37, 108 lb. ;• 27-3-37, 100 lb. 

30- 1-37. Slight oedema of both legs was noticed after consuming 174 ounces of oil and 

1814 of rice. It disappeared next day and appeared again after about one week. 
One month later he again developed tho oedema and was then admitted to hospital. 

31- 1-37. Slight erythema of both legs. 

8-2-37. Heart ; nothing abnormal found. Pulse 66. 


B (IV — ‘diseased’ rice and ‘suspected’ mustard oil), healthy-looking, active Hindu male, 26 
years, weaver, been in the jail for ten months, no previous illness, no complaint since in jail. Height 
5 ft. 4 in., weight 98 lb. Pulse 60. 

Total amount of special food consumed : — 

Dates : 22-1-37 to 2-2-37 ; rice : 193 ounces ; oil : 20 a ounces. 

Signs and symptoms after the commencement of feeding : — 

Subjective symptoms : — 

24-2-37. Diminution of appetite after the ingestion of 7i| ounces of oil and 100 ounces of 
rice. 

29- 1-37. Vague discomfort, fullness and gurgling in the abdomen. 

30- 1-37. Pain in tho whole body, sore throat and cough. 

31- 1-37. Incomplete evacuation of the bowels and weakness. Towards the end of the 

experiment, tho appetite diminished to less than half. 

Physical signs : — 

General appearance : dull and sieklj'. 

Weight : 19-1-37. 101 lb. ; 31-1-37, 101 lb. ; 7-2-37, 101 lb. 

30-1-37. (Edema of both legs with slight flush in the evening after consuming 166 ounces 0 
rice and 174 ounces of oil. It was jjresent for four days after which it oisappea , 
but the flush continued for a few days more. 

8-2-37. Heart : apex just internal to the nipple line ; sounds normal. Pulse 62 per 
minute. Blood pressure 130/85 mm. of Hg. ^ 

C (IV — ‘ diseased ’ rice and ‘ suspected ’ mustard oil), healthy-looking, ■ 

male, 29 years, weaver, been in jail for six months, dysentery in infancy and occa 

( 260 ) 
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no complaints since in jail except dysentery 3 months back. Height 4 ft^ lOJ in., weight 99 lb. 
Pulso 02. 

Total amonnt of special food consumed : — 

Dates : 22-1-37 to 8-2-37 ; rice : 2391 ounces ; oil: 22.J ounces. 

Signs and symptoms after the commencoiuent of feeding : — 

Subjective symptoms : — 

27- 1-37. Diminished appetite and discomfort in the abdomen after ingesting 105 ounces of 

rice and 7J ounces of oil. 

28- 1-37. Fever at night. 

29- 1-37. Pain in the body specially in the epigastrium, gurgling, fullness and vague dis- 

comfort in the abdomen. 

2-2-37. Slight orchitis developed in the left side (admitted to hospital). 

Physical signs : — 

General appearance : not much reduced. 

Weight : 19-1-37, 99 lb. ; 31-1-37, 101 lb. ; 7-2-37, 101 lb. No cedema noticed. 

2-2-37. Orchitis developed in the left side. 

8- 2-37. Heart : no abnormality found. Pulse 66. 

D (II — ‘ healthy ’ rice and ‘ suspected ’ mustard oil), moderately-developed, active and bright 
Hindu male, 30 years, coir pounder, been in the jail for three mouths, smallpox in infancy, no 
complaints suice in jail. Height 5 ft. H in., weight 92 lb. Pulse 72. Slight deformity of the spine. 
Total amount of special food consumed ; — 

Dates : 22-1-37 to 4-2-37 ; rice : 2074 ounces ; oil : 22J ounces. 

Signs and symptoms .after the commencement of the experiment 
Subjective symptoms : — 

27-1-37. Abdomin.al discomfort, fullness and acidity', loss of appetite, after the ingestion of 
105 ounces of rice and 7J ounces of oil. 

29- 1-37. Exhaustion after slight exertion, gurgling and vague discomfort in the abdomen 

and pain in the body. 

30- 1-37. Fever at night and pain in the whole body. 

4-2-37. Incomplete evacuation of the bowels. 

11-2-37. Fever (admitted to hospital). 

Physical signs : — 

General appearance : dull and sickly. 

Weight : 19-1-37, 92 lb. ; 31-1-37, 94 lb. ; 7-2-37, 95 lb. 

30-1-37. CEdema of legs especially marked in the right after consuming 166 ounces of rice 
and 174 ounces of oil. Later it became marked and continued up to 12-2-37 and then 
disappeared. After about three weeks, the cedema was noticed again and he was 
admitted to hospital. 

8-2:37. Heart : apex in the mammary line in the 5tb space. Pulse 80 per minute. Blood 
pressure 100/65 mm. of Hg. 

Glands : Inguinal glands of the right side found enkirged (no evidence of recent involve- 
ment). 

11-2-37. Fever, temperature 100'2°F. 

29-3-37. No oedema (discharged from hospital). 


E (II — ‘ healthy ’ rice .and ‘ suspected ’ oil), moderately-developed, active Hindu male, 28 years, 
coir pounder, been in the jail for 3 months, no previous illness except fever 10 y'ears back, no 
complaint since in jail. Height 5 ft. IJ in., weight 91 lb. Pulse 68. 

Total amount of special food consumed : — 

Dates : 22- 1-37 to 4-2-37 ; rice : 208 ounces ; oil 22i ounces. 

Signs and symptoms after the commencement of the feeding : — 

Subjective symptoms : — 

27-1-37. Appetite diminished after the ingestion of 1004 oxmees of rice and 73 ounces 
• of oil. 
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29- 1-37. Fullness, gurgling iiiul discoinfort in the iibdomcn und pain in the body. 

30- 1-37. Incoinplcto evacuation of tho bowels, fever at night, frequency of micturition at 

night and marked loss of appetite. 

Physical signs ; — 

CIcneral appearance : not mucli changed. 

Weight: 19-1-37, 91 lb.; 31-l-:}7, 93 lb.; 7-2-37, 91 lb. 

No oedema of feet or legs noticed. 

Heart ; nothing abnormal found. Pulse 71 per minute. 


F (11 — ‘healthy’ rice and ‘suspected’ oil), healthy-looking, active Hindu male, 27 years, coir 
pounder, been in jail for 11 months, no previous illness c.xcept fever one year back, no complaint since 
in jail except fever 6 months ago with slight enlargement of the spleen. Height 5 ft. 3 in., weight 91 
lb. Pulse 71. 

Total amount of special food consumed : — 

Dates : 22-1-37 to 2-2-37, missed one day (1-2-37) when in hospital; rice : 1S6J ounces; oil: 
19J ounces. 

Signs and symptoms after the commencement of tho feeding : — 

Subjective symptoms : — 

27-1-37. Fullness of the abdomen and diminished appetite after ingestion of 105 ounces of 
rice and 7J ounces of oil. 

29-1-37. Incomplete evacuation of the bowels, fidlness, discomfort and gurgling in the 
abdomen and pain all over the body'. 

31-1-37. Fever at night, e.xhaustion after slight exertion and pain in the abdomen and calf 
muscles. 

1-2-37. Fever, vomiting and headache (admitted to hospital). Fever came down next day. 
Physical signs : — 

General appearance : slightly reduced and dull. 

Weight : 19-1-37, 94 lb. ; 31-1-37, 98 lb. ; 7-2-37, 96 lb. 

No oedema of the leg or feet was noticed. 

Heart : nothing abnormal found. Pulse 84. 

1-2-37. Temperature 103'’F. (no malaria parasites seen in the blood). 


G (III — ‘ diseased ’ rice and jail oil), healthy, active Hindu male, 31 years, weaver, 
for 24 years, no previous illness, no complaint since in jail except slight fever 14 years hacK. = 
5 ft. 3 in., weight 106 lb. Pulse 76. 

Total amount of food consumed : — 

Dates : 22-1-37 to 4r-2-37 ; rice : 2434 ounces ; oil 2S}, ounces. 

Signs and symptoms after the commencement of feeding : — 

Subjective symptoms : nil, except slight cough and weakness on 3-2-37. 

Physical signs : — 

General appearance : no change. 

Weight : 19-1-37, 106 lb. ; 31-1-37, 108 lb. ; 7-2-37, 107 lb. 


H (III — ‘ diseased ’ rice and jail oil), well-developed, hard-working Hindu male, 30 y 
weaver, been in jail for 14 mouths, no previous illness, no complaint since in jail except a 
the tongue. Height 5 ft. 5 in., weight 117 lb. Pulse 70. 

Total amoimt of food consumed : — 

Dates : 22-1-37 to 4-2-37 ; rice : 2724 ounces ; oil : 27 J ounces. 

Signs and .symptoms after the commencement of feeding : — 

Subjective symptoms : nil, except aggravation of the ulcer tongue. 

Physical signs : — 

General appearance :■ no change. ' 

Weight: 19-1-37, 117 lb.; 7-2-37, 118 Ib. ' ■ 
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I (HI — ‘ ilisensed ’ rioo and jail oil), well-developed, health}', active Mohammedan male, 
32 years, cloth weaver, hcen tu this jail for (wo years, no previous illness, no complaint since in 
this jail except occasional attach of cold. Jlei^'ht r> ft. r> in., noight 1129 lb. Pulse 84. 

Total ainomit of food consn7ned ; — 

Dates : 22-1-37 to 3-2-37 ; rice : 3f7 ounces ; oil ; .Id} ounces. 

Signs and symptoms after the commencement of feeding ; — 

Subjective symptoms ; nil. 

Physical signs : — 

General appearance ; no change. 

Weight: 19-1-37, 129 Ib. ; 31~l-.37, 133 lb. ; 7-2-37, 133 lb. 

(B) CoSTROi, onoDP: — 

.1 (I — ‘ healthy ’ rice and j.ail oil), n-ell-developed, active Hindu male, 29 years, bearer, been 
in the jail for one and a h.alf years, no previous illness, except fever ten years bach, no eomphaint since 
in this jail. Height 15 ft. 5J in., weight 110 lb. 

Total amount of food consumed : — 

Dates : 22-1-37 to S-3-37 : rieo : 3894 ounces ; oil 34J ounces. 

.Signs and symptoms after the commencement of feeding : — 

Subjective symptoms : nil. 

Physical signs : — 

General appearance : no change. 

Weight: 19-1-37, IW lb. ; 3I-I-37, 111 lb. ; 7-2-37,11218. 

K (T — ‘ healthy ’ rice and jail oil), well-developed, active and bright Hindu male, 3.8 years, 
clerk, been in the jail for 9 months, typhoid 8 years back, no complaint since in this jail, height 5 ft. 
5 In., weight 123 lb. 

Total amount of food consumed : — 

Dates : 22-1-37 to 8-2-37 ; rice ; 352} ounces ; oil : 34J ounces. 

Signs and symptoms after the commencement of feeding : — 

Subjective symptoms : nil. 

Physical signs : — 

General appearance : no change. 

Weight : 19-1-37, 123 lb. ; 31-1-37, 127 lb. ; 7-2-37, 129 lb. 

L (I—* healthy ’ rice .and jail oil), rather poorly-developed but active Mohammedan male, 
40 years, bearer, been in jail for 20 months, no previous illness except occasional fever, no 
complaint since in this jail except occasional attack of common cold. Height •7 ft. 34 in., weielit 
97 lb. Pulse 68. ' ° 

Total amount of food consumed : — 

Dates : 22-1-37 to 8-2-37 ; rice : 300 ounces ; oil : 34} ounces. 

Signs and symptoms after the commencement of feeding : — 

Subjective symptoms : nil. 

Physical signs : — 

General appearance : no change. 

Weight: 19-1-37, 97 lb. ; 31-1-37, 101 lb.; 7-2-37, 103 lb. 


APPENDIX II. 

The ground covered during the course of examinations, 

fa) Clinical history during the term jn jail and previous to conviction. 

(b) Complaints, if any, .and their duration (special attention was paid to appetite and abilitv to 

undergo hard physical exertion). . ^ 

(c) Work and residence in jail. 
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{(1) Physical examination ; — 

(1) General mipearance, 

(2) Height and weight. 

(:J) Eyes. 

(4) Tongue, palate, throat, gums, and teeth. 

(.j) Neck veins and glands. 

(G) Pulse and condition of the heart. 

(7) Blood pressure (Dr. Chowdhury). 

(8) Abdomen including liver, spleen, bowels, etc. 

(9) Inguinal and femoral glands. 

(10) Scrotum. 

(11) L egs for cedeina. 

(12) Knee-jerks. 

(13) Hypera'sthesia in the calf muscles. 

Besides these, a general examination of all the systems was made. 

(e) I.aboratory examinations : — 

(1) Stool for parasites or their ova and abundance or otherwise of Gram-positive bacilli. 

(2) Urine for specific gravity, reaction, sugar, and albumin. 

(.3) Blood for filaria and malaria parasites and difTerential white cell count. 


Examinalicn of incUvi'lual volunteers. 

For the sake of brevity the negative findings are omitted and mention is made only of such signs 
and symptoms as have direct bearing on the disease. 


(A) Experimental group : — 

A' (I), rather poorly-developed but aetivo and bright hlohammedan male, 20 years, weaver, been 
in the jail 9 months, dysentery about 10 j'cars back, used to get occasional pain in ^ .he rigli 
testicle about one year ago, no complaints since in jail, except poor appetite occasionally. Ueigi 
4 ft. 103 in., weight 84 lb. Pulse 70 per minute. Blood pressure 1 1.7/78 mm. of Hg. 

A few small soft glands palpable in the groin. 

Total amount of special food consumed : — 

Dates: 17th February to 13th March, missed 4 days from the 3rd when in hospital; nee. 
211 ounces ; oil : 374 ounces. ... 


Signs and symptoms after commencement of feeding : — 

Subjective symptoms : — 

24-2-37. Indigestion and constipation after ingestion of 16V ounces of oil. _ 

26-2-37. Abdominal fullness, unsatisfactory evacuation of bowels, loss of appetite, quan 1 J 
of food taken was gradually reduced to one-third or less after two weeks. 

28-2-37. Vomiting tendency, pain around the umbilicus, small liquid motions. 

1- 3-37. Pain in the calf muscles, tingling of feet and legs, distre.ssing coU:, i> 

epigastric pain. 

2- 3-37. Complained of fever at night. - exhaustion 

These symptoms persisted for some time but later extreme sense of weakness an 

was added on, which became the predominant symptom. 

Physical signs : — 

General appearance : dull, seedy, and much reduced. 

Weight: 16-2-37, 84 lb. ; 12-3-37,81 lb.; 30-3-37, 80 lb. Temperature 100 1'. 0 
morning, variable thereafter, not rising above 100°F. 

4-3-37. Tongue coated. j 

12-3-37. Slight oedema of both legs by which date 37 ounces of oil had been con 

CRdema marked later. p jge 

16-3-37. Heart: slightly dilated ; foetal type of rhythm heard (Col. Vere Hoege). 

80. Blood pressure 110/70 mm. of Hg. 
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Laboratory examinations : — 

Blood : totiil R. B. C. count, IV-S-d?, 2'83 millions per c.min. ; 30-3-37, 2 millions per c.mm. 
Stool : definito increase in Gram-positive bacilli. 

Urine ; a few hyaline casts present. 


B' (I), M ell-developed, active and bright IMohammedan male, 26 years, weaver, been in the jail 
for 0 months, no previous illne.ss, no complaints .since in the jail except slight rawness of the tongue and 
ringworm on the scrotum. Height n ft. 8 in., weight 129 lb. A faint systolic bruit (Dr. Cliowdhury) 
in the mitral area. Pulse 78 per minute. Blood pressure 114/75 mm. of Hg. 

Total amount of special food consumed : — 

Dates : 17th February to 14th lilarch ; rico : 273 ounces ; oil : 46J ounces. 

Signs and symptoms after commencement of feeding : — 

Subjective symptoms : — 

25- 2-37. Fever at night after ingestion of 19 ounces of oil. 

26- 2-37. Loss of appetite, quantity of rice taken gradually decreased from 26th February 

onwards to less than half towards the end of the experiment. 

1-3-37. Pain in joints and calf muscles. Unsatisfactory evacuation of bowels. 

These symptoms persisted for some time, later on weakness and disinclination for work were the 
chief complaints. 

Physical signs : — 

General appearance: dull and sickly. 

Weight : 16-2-37, 129 lb. ; 12-3-37, 129 lb. ; 30-3-37, 128 lb. 

10-3-37. (Edema of logs and ankles by which date 42J ounces of oil had been consumed. 
12-3-37. (Edema of the legs became very marked with slight flush. 

10-3-37. Heart : fairly dilated, marked systolic murmur in the mitral urea. Pulse 82 per 
minute. Blood pressure 110/70 mm. of Hg. 

25-3-37. Bleeding from the gums, which lasted 4 days. 

Laboratory e.'caminations ; — 

Blood : total R. B. 0. count, 17-3-37, 3-88 millions per c.mm. ; 30-3-37, 3-00 millions per c.mm. 
Stool : deflnite increase in Gram-positive bacilli. 

Urine : a few hyaline and granular casts present, also a few epithelial cells. 


C' (I), fairly well-developed, active and bright Mohammedan male, 26 years, weaver, been in the 
jail for 4 months, smallpox in childhood, no complaints since in jail except small ulcer on the right 
side of the tongue and palpitation of the heart after very hard work. Had also cough 3 days before 
the commencement of the experiment. Height 5 ft. 14 in., weight 105 Ib. Pulse 62 per minute. 
Blood pre.ssuro 130/85 mm. of Hg. 

A few small and soft glands palpable in the groin. 

Total amount of special food consumed ; — 

Dates : 17th February to 12th March ; rice : 243 ounces ; oil : 43^ ounces. 

Signs and symptoms after commencement of feeding : — 

Subjective symptoms : — 

21-2-37. Condition of the ulcer tongue aggravated. 

23-2-37. Distressing cough. 

25-2-37. Fever after ingestion of 19 ounces of oil. 

4-3-37. Vomiting, fever, marked loss of appetite, quantity of food taken gradually decreased 
to less than a third towards the end of the experiment, abdominal fullness, pain around 
the umbilicus, incomplete evacuation of the bowels, and slight diarrhoea. 

25-3-37. Pain in defa;cation with slight bleeding. 

Physical signs : — 

General appearance ; dull and much reduced. 

Weight ; 16-2-37, 105 lb. ; 12-3-37, 103 lb. ; 30-3-37, 99 lb. 

3-3-37. Tongue coated. 
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Swclliiif; of legs after consuming -lOi ounces of oil. 

13-3-37. Jfarked cedoma of legs (adinitted to hospital). 

19-3-37. No demonstrablo mdoina (discharged from hospital). 

- 23-3-37. Typical tlusii and marked tedoma of both legs (admitted to hospital). Fairly 
sovero bleeding from a verrugoitl growth in the upper gum and also .slightly per 
rectum. 

16-3-37. Heart : dilated. Pulse SO. Blood pressure 122/80 mm. of Hg. 

Laboratory examinations ; — 

Blood : total R. B. C. count, 17-3-37, 3-07 millions per c.mm. ; 30-3-37, 2-08 millions per 
c.mm. 

Stool ; definite increase of Gram-positive bacilli. 

Urine ; a few hyaline casts present. 


D' (II), rather poorly-developed, fairly active but not very bright ilohammedan male, 20 years, 
cane worker, been in the jail for 2 years, no prcvioirs illness, no complaints since in jail except 
dysentery 6 months ago, eye trouble 3 months ago and alight rawness of the tongue. Height 5 ft, 
5*in., weight 91 lb. Pulse 70 per minute. Blood pressure 118/70 mm. of Hg. 

Slight folliculitis of the akin of the extremities and the trunk. 

Total amount of special food consumed : — 

Dates : 17th February to 27th February ; rice ; 159 ounces ; oil : 261 ounces. 

Signs and symptoms after commencement of feeding : — 

Subjective symptoms : — 

23-2-37. Condition of the ulcer of the tongue aggravated. 

25- 2-37. Fever at night after the ingestion of 19 ounces of oil. 

26- 2-37. Incom])loto evacuation of tho bowels, gurgling in the abdomen, cough, and loss of 

appetite. 

28-2-37, Fever (admitted to hospital), diarrh'cea and pain during deficcation. 

Physical signs : — 

General appearance ; run down and sickly. 

Weight ; 16-2-37, 91 lb. ; 12-3-37, 88 lb. ; 30-3-37, 91 lb. 

Temperature : 28-2-37, 103°F. 

26-2-37. Slight cedema and flush in both the legs, by wliich date 24 ounces of oil had been 
consumed. 

6-3-37. Qildema marked. 

16-3-37.' Heart ; no abnormality found. Pulse 84. Blood pressure 115/70 mm. of Hg. 
Laboratory examinations : — 

Blood ; total R. B. C. count, 18-3-37, 2-79 millions per c.mm . ; 30-3-37, 2-50 millions per 
c.mm. 

Stool : Gram-positive bacilli fairly increased. 

Urine ; a few hyaline and granular casts present, also a few epithelial colls. 


E' (11), well-developed, active and bright Mohammedan male, 24 years, cano the 

in the jail for 6 months, no previous illness, no complaints since in jail except occasiona p* 
knee and elbow joints, frequency of micturition at night and a small ulcer at the **9 9* 

Height 5 ft. 24 in., weight 120 lb. Pulse 80 per minute. Blood pressure 135/80 niur. ot xig. 

Total amount of special food consumed : — 

Dates : 17th February to Ist March, rice ; 1684 ounces ; oil : 29 ounces. 

Signs and symptoms after commencement of feeding ; — 

Subjective symptoms : — 


23- 2-37. Condition of the ulcer of the tongue aggravated. 

24- 2-37. Buming'^and itching sensation all over the body. h'i'cus 

26-2-37. Incomplete^evacuation of the bowels, loss of appetite, pain around the um 1 1 

after ingestion of 21J ounces of oil. 
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2S-2-37. Gurgling in the abdomen and diarrhoea. 

1-.3-37. Fever at night and pain all over the body. 

4-3-37. Heaviness of both legs towards the evening. , 

Physical signs : — 

General appearance : pulled down and reduced. 

Weight: 16-2-37, 120 lb. ; 12-3-37, 118 lb.; 30-3-37, 116 lb. 

4-3-37. Slight ulceration of the tongue. 

11-3-37. Slight ffidema of the legs and feet especially around the ankles, gradually increased 
especially towards evening. 294 ounces of oil were ingested before the appearance of 
cedema, which was marked later. 

16-3-37. Heart : no abnormality. Pulse 83. Blood pressure 130/90 mm. of Hg. 
Laboratory examinations : — 

Blood : total R. B. C. count, ia-3-37, 4-35 millions per c.mm. ; 30-3-37, 3-47 millions per 
c.mm. 

Stool : definite increase in Gram-positive bacilli. 

Urine : a few hyaline cast present. 


F (11), well-developed, hard-working and bright Hindu male, 26 years, cane worker, been 
in the jail for 8 months, no previous illness except fever two years ago, no complaints since in jail 
except occasional acidity, ulcer tongue and high coloured urine. Height 5 ft. IJ in., weight 124 lb. 
Pulse 80 per minute. Blood pressure 138/90 mm. of Hg. 

Total amount of special food consumed : — 

Dates: 17th February to lat llarcli ; rice: 183 ounces; oil: 29J ounces. 

Signs and symptoms after commencement of feeding :— 

Subjective symptoms : — 

20-2-37. Condition of the ulcer of the tongue aggravated. 

23-2-37. Fever at night, incomplete evacuation of, the bowels with several thin stools after 
ingestion of 19 ounces of oil. 

26- 2-37. Loss of appetite and vomiting tendency. 

27- 2-37. Loose motions but no satisfactory evacuation. 

1-3-37. Pain in the throat and bleeding from the gums. 

7-3-37. Burning sensation and heaviness of both legs and feet towards the evening. 
Physical signs : — 

General appearance: dull and much reduced. 

Weight : 16-2-37, 124 lb. ; 12-3-37, 118 lb. ; 30-3-37, 119 lb. 

20-2-37. Ulceration of the tongue. 

12-3-37. Slight osdema of the legs after consuming 29J ounces of oil. Distinct later. 
16-3-37. Heart : no abnormality found. Pulse 84 per minute. 

Laboratory examinations : — 

Blood : total R. B. C. count, 18-3-37, 4-26 millions per c.mm. ; 30-3-37, 2-84 millions per 
c.mm. 

Stool : Gram-positive bacilli definitely increased. 


(B) CoXTHOr. GROUP. 

G' (III), well-developed, active and bright Hindu male, 26 years, worker in the printing press, 
been in the jail for one year. No previous illness, no complaint since in jail except ulcer of the” tongue 
one month ago. Height 5 ft. 4 in., weight 100 lb. Pulse 72 per minute. Blood pressure 135/85 mm. 
of Hg. 

Total amount of food consumed : — 

Dates: 17th February to 16th March; rice: 45.5J ounces; oil: 59 ounces. 

Signs and symptoms after commencement of feeding : 

Subjective symptoms : nil. 

J, MR 


17 



258 Investigations into the Epideiniology of Epidemic Dropsy. 


Phj'sical signs : — 

General appearance : no change. 

Weights : lG-2-37, 100 lb. ; 12-3-37, 101 lb. ; 30-3-37, 98 lb. 

Laboratory examinations ; — 

Blood : total R. B. C. count, 18-3-37, 4‘17 millions per c.mm. ; 30-3-37, 4-35 millions per 
c.min. 

Stool : slight increase in Gram-positive bacilli. 


H' (III), well- developed, hard-working jMohammedan male, 24 years, worker in the printing 
press, been in the jail for 4 months. No previous illness, no complaints since in jail except occasionally 
slight constipation and pain in the abdomen if bowels not moved. Height 5 ft. 3+ in., weight 124 lb. 
Pulse SO. Blood pressure 130/90 mm. of Hg. 

Total amount of food consumed : — 

Dates : 17th February to 12th March ; rice : 394 ounces, oil : 62 ounces. 

Signs and symptoms after commencement of feeding : — 

Subjective symptoms : nil. 

Physical signs : — 

General appearance : no change. 

Weights : lfi-2-37, 114 lb. ; 12-3-37, 114 lb. ; 30-3-37, 112 lb. 

Laboratory examinations : — 

Blood : total R. B. C. count, 18-3-37, 3-79 millions per c.mm. ; 30-3-37, 3-92 millions per 
C.mm. 


I' (III), fairly well-developed, active and bright Hindu male, 24 y ears, worker in the printing 
press, been in the jail for 8 months. No previous illneiss, no complaints since in jail except siign 
stomatitis and congestion of throat. Height 5 ft. 2 in., weight 108 lb. Pulse 76 per minute, xsloo 
pressure 122/75 mm. of Hg. ^ 

Total amount of food consumed ; — 

Dates: 17th February to 16th March; rice: 467 ounces; oil: 59 ounces. 

Signs and symptoms after commencement of feeding ; — 

Subjective symptoms : Nil. 

Physical signs ; — 

General appear.ance : no change. 

Weight : 16-2-37, 108 lb. ; 12-3-37, 106 lb. ; 30-3-37, 105 lb. 

Laboratory examinations : — 

Blood : total R. B. 0. count, 18-3-37, 4-32 millions per c.mm. ; 30-3-37, 4-00 milhons p 
c.mm. 

Stool : slight increase in Gram-positive bacilli. 


J' (IV_), well-developed, hard-working Mohammedan male, 28 years, rawness 

press, been in the jail for 2 months. Dysentery in bis infancy, no complaint since m jai ■ v 
of the tongue and enlarged tonsil. Pulse 72 per minute. Blood pressure 120/80 mm- o »■ 

Total amount of food consumed : — 

Dates : 17th February to 16th March ; rice : 514 ounces ; oil : 59 ounces. 

Signs and symptoms after commencement of feeding : — 

Subjective symptoms : nil. 

Physical signs : — 

General appearance : no change. 

Weights : 16-2-37, 138 lb. ; 12-3-37, 137 lb. ; 30-3-37, 136 lb. 

Laboratory examinations : — Uliong 

Blood : total R. B. C. count, 18-3-37, 3-65 millions per c.mm. ; 30-3-37, 4 j W 
per c.mm. 
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K' (IV). well-dovelopcd, active Jlohammedan male, 22 years, rrorker in the printing press, 
been in the jail for 8 months. Xo previous illness, no coini)laint since in jail except folliculitis in the 
tegs. Height 5 ft. IJ- in., weight 1 17 lb. Pulse 70. Blond pressure 144/100 mm. of Hg. 

Total amount of food consumed : — 

Dates: 17th Febniary to 16th llarch ; rice: COO ounces; oil: 584 ounces. 

Signs and symptoms after commencement of feeding : — 

Subjective symptoms : nil except fever on 12-3-37 for one day only. 

Physical signs : — 

General appearance : no change. 

Weights: 16-2-37, 117 lb.; 12-3-37, 118 lb.; 30-3-37, 118 lb. 

12-3-37. Temperature 101-4'‘F. 

Laboratory examinations : — 

Blood : total R. B. 0. comit, 18-3-37, 2-79 millions per c.mm. ; 30-3-37, 3-05 millions per 
c.mm. 

L' (IV), well-developed, active Mohammedan male, 26 years, worker in the printing press, 
been in the jail for 8 months. Xo previous illness, no complaint since in jail except alight rawness of 
the tongue and enlargement of the left testicle. Height 5 ft. 1 J in., weight 1 14 lb. Pulse 72 per minute. 
Total amount of food eonsumed : — 

Dates : 17th February to 10th Slarch ; rice : 456 ounces ; oil : 594 ounces. 

Signs and symptoms after commencement of feeding : — 

Subjective symptoms : nit. 

Physical signs ; — 

General appearance : no change. 

Weights: 16-2-37, 114 lb.; 12-3-37, 114 lb.; 30-3-37, 113 lb. 

Laboratory examinations ; — 

Blood : total R. B. 0. count, 18-3-37, 5’02 millions per c.mm, ; 30-3-37, 4-40 millions 
per c.mm. 
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BY 
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{From tlie Department of Pharmacology, School of Tropical Medicine, Calcutta.) 

[Received for publication, March 31, 1937.] 

Following the lead indicated by the pioneer work of Acton and Chopra 
(1925) it is still held that a histamine-like substance is responsible for the symptoms 
met with in epidemic dropsy. IVhile further clinical and pharmacological studies 
(Acton and Chopra, loc. cit. ; Chopra and De, 1937) justify the role of this basic 
substance in producing the symptoms, epidemiological observations strongly suggest 
that the primary causative factor might be something else. The way in which the 
disease is produced and propagated leads one to consider the possibility that the 
causative agent may be some living organism capable of propagation and infection 
which possibly is responsible for producing the toxins. The biochemical studies 
carried out in this Laboratory (Chopra, Mukherjee and Gupta, 1935) have made it 
clear that, in the blood serum of patients suffering from epidemic dropsy, the pseudo- 
globulin fraction is considerably increased, while the albumin fraction is diminished 
to a great extent. While to this diminution of albumin clinical symptoms, such 
as oedema, have been ascribed, there seems to be an indication for the belief that 
this increased pseudo-globulin may be associated with some antitoxin formation 
(Pasricha et al., 1936). This, no doubt, lends an indirect support to the causation 
of the disease by some living organism but further evidence must be forthcoming 
before any definite conclusion can be arrived at. We, therefore, tried to study 
the problem from different points of view and in course of our investigations we 
thought it proper to study the effect of the plasma from persons attacked with 
the disease on tissues, cultivated in vitro in the hope that it might furnish some 
clue as to the nature of the causative factor. The details of the work and the 
results obtained therefrom constitute the subject-matter of the present paper. 

( 261 ) 
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Studies on the Etiology of Epidemic Dropsy. 


Experiments and results. 

(а) Collection of the plasma . — Plasma was separated by centrifugalization 
^ of the blood drawn from properly diagnosed epidemic-dropsy patients, the whole 

operation of bleeding, separation of the plasma, and its preservation being carried 
out in the cold with aseptic precautions. It was incidently observed that, unlike 
the plasma from the normal blood, the plasma from epidemic-dropsy patients 
presented a certain degree of opacity and that the blood from which it was 
obtained was, in many cases, relatively unstable as compared with the blood from 
normal subjects. This was shown by the fact that the plasma could not be 
separated from the blood from normal subjects without centrifugalization in the 
cold, while in epidemic-dropsy cases it separated out spontaneously merely on 
keeping the blood undisturbed in the cold for some time. This has been observed 
particularly in the blood of some of the acute cases of epidemic dropsy of the 
virulent type. 

(б) Tissue-culture experiments. — Tissue-culture experiments were carried out 
in hanging drop preparations on cover-slips. The explant was made by tissues 
obtained from chicks’ embryo suspended in a mixture of the extract derived from 
the same embryo and of the homologous plasma obtained from a cock. The 
details of the method have been presented in an earlier paper (Chopra, Das 
and Mukherjee, 1936). In the present case tissues for growth were obtained from 
the heart, the liver, and the spleen of the embryo. 

To study the effect of the toxin on the tissue growth the explant was treated 
with a drop of the plasma obtained from epidemic-dropsy patients and allowed 
to grow. Controls were kept by adding a drop of the plasma from normal hurnan 
subjects on another explant from the same tissue in another set of cover-slips. 
For each specimen of the plasma, tissues from at least four different embryos Avere 
tried and for each separate embryo a dozen explants were made. In all, 
therefore, a specimen of plasma from any patient was tested in a large number of 
different explants and normal controls were kept for each of them. More than 
50 patients suffering from epidemic dropsy were studied in this connection. 

Our results indicate that the toxic action was not very marked in the case 
of the liver and the spleen tissues. It is only with the heart tissue that our 
experiments met with some success. The most striking effect that was evident 
at first sight was the gradual inhibition of the rhythmic throbbing, bringing about 
a total stoppage in 72 to 90 hours. In the controls, however, throbbing continued 
up to the 13th or Idth day uninterruptedly. Tables I and II show how the rate 
varies from that of controls and how it gradually slows down. 

The second effect observed was that in the explants treated with epidemic- 
dropsy plasma, the heart tissue showed a less vigorous growth than the controls 
and the individual cells in the former were not so healthy as in the latter. This 
chequered growth did not continue for long but stopped much earlier (in seven 
days’ time) than in the controls where they survived up to the 17th day. For 
further investigations we observed some of these preparations under the microscope 
both in stained and imstained conditions. Almost every case of inhibition of 
tissue growth was found to be associated with a simultaneous fatty degeneration 
in the cells Avhich was evident both in stained and unstained specimens. Micro- 
photographs showing such degeneration together with photographs of corresponding 
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normal controls have been presented in support of our contention. A close 
inspection will reveal a number of small fat globules appearing in the specimen 
incubated with epidemic-dropsy plastaa. 

While examining the specimens with different stains we tried the effect of 
a few vital stains such as nile blue and neutral red in concentrations of 1 in 50,000 
on these explants. It was found that certain cytoplasmic changes of granular 
nature had occurred in some of the cells of a few explants (vide microphotographs 
and camera lucida drawings in Plate IX), where inhibition of tissue growth and 
degenerative changes were also present. Cells from normal controls, however, 
never showed such cytoplasmic changes. 

It must be mentioned in this connection that these responses, viz., the stoppage 
of throbbing, the inhibition of tissue growth, and the appearance of cytoplasmic 
granules, could be observed only in the explants treated with plasma from fresh 
and acute cases of epidemic dropsy and were not marked with plasma from chronic 
cases. The cytoplasmic changes could be detected in only 25 per cent of our 
cases, while the stoppage of throbbing was more general occurring in as much as 
90 per cent of the cases. 

Our results in general undoubtedly go to establish the presence of some toxin 
in the plasma from epidemic-dropsy patients. 

A further group of experiments was carried out, an moculum from a cultured 
explant showing the cytoplasmic and other changes being transferred to new 
explants in series. Positive results were obtained up to the fifth passage wherein 
all the phenomena, viz., stoppage of the heart beat, stoppage of tissue growth, 
and the appearance of cytoplasmic granules were induced in some cases. These 
results might suggest the possibility of the presence of an infective agent rather 
than a chemical toxin. 

(c) Experiments on the chorio-allantoic membrane of eggs . — ^As a next step in 
our investigations we tried to observe the effect of the inoculation of the epidemic- 
dropsy material on the chorio-allantoic membrane. The following technique was 
employed : — 

Eggs were incubated for ten to twelve days and properly candled. The 
junction of the embryo and the sac was then marked out. The external surfaces of 
the eggs were sterilized and the shell removed to expose the inner shell membrane, 
which was then punctured and the epidemic-dropsy plasma dropped in with the 
help of a sterilized pipette. The fluid was automatically sucked in. The opening 
was then carefully sealed by sterile molten paraffin and the egg was again incubated 
for five or six days. At the end of this period it was opened at the small end and 
the whole embryo taken out. The allantoic membrane was carefully spread on 
a sterile Petri dish and watched for any characteristic lesions. A set of four eggs 
was inoculated for each specimen of epidemic-dropsy plasma, and the plasma from 
more than 60 cases were studied in the course of our experiments. 

In about 20 per cent of our cases white macroscopic patches were observed 
which numbered two or three in each _ egg. _ These were similar to those observed 
by Brandly (1935) with LaryngotracJieilis virus but were smaller in size and fewer 
m number than he has described. 



Explanation of Plate IX. 

Fig. 1. J\Iicrophotographs of living tissue cultures after 60 hours, (a) Normal 
control, (b) tissue treated with epidemic-dropsy plasma. (Magnification 
approximately x 100.) In (b) cells have undergone degenerative 
changes. 

„ 2. Microphotographs of tissue cultures stained with iron-hsematoxylin 
after 6 days’ incubation, (a) Normal control, (b) tissue treated with 
epidemic-dropsy plasma. (Magnification approximately X 100.) 
Degenerative changes are very marked in (6). 

j, 3. Microphotographs of living tissue culture. (Magnification approximately 
X 900.) Degenerative changes showing granules inside the cells. 

„ 4. Microphotographs of tissue culture stained by Giemsa slow staining 
process. (Magnification approximately X 1,000.) Growing cells 
containing cytoplasmic granules. 

,, 5. Camera lucida draiving of normal fibroblastic cells taken from a tissue 
culture. 

„ 6. Camera lucida drawing of fibroblastic cells of tissue culture treated with 
epidemic-dropsy plasma showing cytoplasmic inclusions. 


( 264 ) 



Plate IX 



Fig. 6. 


Fig. 5. 




R. N. Chopra, N. N. Das and 3. N. Muhlierjee. 


265 


Lesions were cut out and macerated with quartz and filtered through Seitz 
filter. The filtrate was again used as an inoculum for the next passage. Up to 
the fourth passage the lesions were marked but in the fifth passage they exhibited 
a tendency to disappear. In the sixth passage these lesions could not be observed 
in any case. 

Discussion. 

The results of our experiments indicate the presence of an agent in the plasma 
of cases of epidemic dropsy which is capable of causing degenerative changes in 
living cells maintained in tissue culture. The transmissibility in series of these 
changes and the lesion produced in the chorio-allantoic membrane of the chick 
suggest a resemblance to the action of certain filtrable viruses, but the responses 
obtained both in experiments in tissue culture and on the chorio-allantoic membrane 
were milder in character than those obtained in the case of many well-known 
viruses. They were not transmissible indefinitely and only occurred in a certain 
percentage of cases. It is interesting to note that the response with heart tissue 
was marked, while no re.sponse occiured with liver and spleen tissue of the embryo. 
A possible relationship of the finding to the common incidence of heart symptoms 
in epidemic dropsy (Chopra, Choudhury and De, 1937) is suggested although it 
cannot be stated that these phenomena are definitely correlated. 

The nature of the cytoplasmic gramdes found in the cells is not yet determined 
but these show certain resemblances to the granules produced in tissue cultures 
by the virus of Laryngolracheilis of birds. The presence of a toxic agent in the 
plasma of epidemic dropsy cases can be considered to be established but the nature 
of this agent will, especially in view of the results obtained in serial transmission, 
require further investigation. 


Table I.* 

CONTROL EXPERIMENTS. 

Showing the rate of throbbing of heart tissue in explants treated with 
plasma from normal subjects. 


Number. 

Initial 
beats per 
minute. 

Rato 

after 

J 24 hours. 

Rate 

after 

' 48 hours. 

Rate 

after 

72 hours. 

Rate 

after 

' 7 days. 

Rate 

after 

10 days. 

1 

' i 

1 82 

60 

60 

66 

,50 

60 

2 ! 

' 65 

60 

65 

50 

45 

45 

3 

68 

64 

60 

55 

50 

45 

4 

1 

68 

62 

1 

56 

1 

50 

45 

40 ' 

0 

72 

60 

52 

48 

1 

42 

38 

6 

74 

63 

50 

48 

40 

32 


*A large number of cases were actually worked out bat for the sake of brevity a few oases only 
Have been presented in the table. ’ ' 
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Table II.* 

EXPERIMENTS WITH EPIDEMie-DROPSY PLASMA. 

Showing the rate of throbbing of the heart tissue in explants treated 
with plasma from epidemic-dropsy patients and 
incubated at 37'4°C. 


Number. 

' 

Initial 
beats per 
minute. 

Rato 

after 

24 hours. 

Rate 

after 

48 hours. 

Rate 

after 

72 hoiHS. 

Rate 

after 

4 days. 

1 

80 

60 

38 

32 

Stopped.. 

2 

82 

60 

36 

21 

>> 

3 

80 

65 

34 

20 


4 

84 

66 

28 

16 

/f 

5 

88 

65 

30 

18 

tf 

6 

82 

62 

35 

16 

99 

7 

84 

66 

27 

12 

79 

8 

80 

65 

2^. 

20 

99 

9 

78 

64 

28 

10 

99 

10 

84 

60 

30 

Stopped. 

99 

11 

76 

60 

21 


99 

12 

80 

60 

24 

10 

99 


* A large number of cases were actually worked out but for the sake of brevity a few cases 
have been presented in the table. 
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In the course of routine work in radiology as Honorary Radiologist to the 
Medical College Hospitals, Calcutta, I was struck by the difEerence in the times 
of union of epiphyses with diaphyses in Indian hospital patients as compared with 
European subjects of similar age. Having in many cases to express an opinion 
on age as determined by x-ray findings in Courts of Law, I commeneed, in 1928, 
an investigation on the ossification in Indian and Anglo-Indian girls. This work 
was confined to the elbow, wrist, and hand. The results were published in a paper 
in the April number of the Indian Medical Gazette, 1930. 

This present work was begun shortly after. Several difficulties have been 
encountered. Subjects for examination of known age have not been easy to obtain. 
All cases where the age was at all doubtful have been rigidly excluded. The 
average hospital patient has been quite useless for this work, owing to the 
uncertainty of age — it being a curious fact that many such patients in this country 
simply do not know how old they are. 

Prior to the adoption of radiological methods, the only way of determining 
the times of appearance of fusion of bony centres was by means of macerating the 
bones concerned. The statistics obtained were necessarily limited. 

Stevenson (1924) used the method to study the processes of ossification in 
110 skeletons. His paper contains some very extraordinary observations discredit- 
ing radiological methods. He describes skiagrams as ‘ merely a confusing medley 
of shadows The findings of Pryor (1928), which he attempted to discount, to 
the effect that union of epiphyses takes place considerably earlier in girls than in 
boys have been amply confirmed by subsequent observers, notably Paterson 
(1929), Parsons and Havies (1926), and Flecker (1932a and h). The work of these 
radiologists has been of the utmost importance, providing accurate standards of 
comparison in England in the case of Paterson, Parsons and Davies, and Australia 
in the case of Flecker. 
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The study of the figures published by Pryor, Paterson, and Flecker, in addition 
to those in this series, cpnclusively prove that in the vast majority of cases earlier 
ossification takes place in girls. Such is even noted in the appearance of centres, 
though it is more marked in the union of epiphyses, 

Adah” and Scammon (1921) have shown that even in the foetus ossification 
takes place more rapidly in females. 

The earlier bony development in females is, after all, to be expected in view 
of the earlier onset of puberty in this sex. There is every reason to believe that 
increased activity of the anterior lobe of the pituitary body and the thyroid gland 
near puberty influence ossification to some extent ; many cases have been reported 
of sexual precocity associated with the early fusion of epiphyses. The pediatrist 
is frequently faced with such patients. 

The suppression of the activity of the hormones of the anterior lobe of the 
pituitary and the thyroid or of the sex glands produces the reverse effect as in 
dystrophia adiposo-genitalis. Prof. Elliot Smith has suggested this as the cause 
of the delayed union found in the bones of Tutanlchamen (Paterson, loc. cit.). 

Sidhom et al. (1931) carried out a valuable investigation in Egyptian boys of 
known age. Some epiphyseal centres, notably the lower end of the humerus, 
were found in this series to unite earlier than in Europeans. It will be found by 
an- examination of the tabulated results of this present examination that union 
in Indians takes place considerably earlier than in any other race of which I can 
find statistics. Such earlier ossification is after all not surprising in view of the 
fact that Indians, the girls particularly, undoubtedly reach the age of puberty 
and mature much earlier than Europeans. 

It has been stated by experts on the subject of nutrition, that the average 
calcium intake of the Indian child is much less than that of the average European. 
I have tried to obtain figures showing the comparative blood-calcium content m 
both races. Such figures as are available are vitiated by the fact that they relate 
mainly to diseased cases and so cannot be accepted as normal. Much work remains 
to be done in this sphere. The available figures, however, show no great discrepancy 
in the blood-calcium content' of Indian as compared with European children, 
is more than possible that the conditions of endocrine balance created by a 
abundance of ultra-violet radiation and warmth tend to produce a condi ion 
whereby a greater proportion of the calcium intake is assimilated and ma e 
available for the formation of osseous tissue. , , 

Many variations from the normal have been met with, such as double epiphysea 
centres, the pseudo-epiphyses described by Wakeley (1924), and accessory ossic 
and centres. These have been placed in the Appendix. 

As stated above, the normal endocrine balance, if upset by pathological state^ 
can produce remarkable variations from the normal rate of formation and umo 
of osseous centres. Conditions such as acromegaly, or dyspituitarism, 
and the like, all present variations from normal ossification. One case, of whic 
photographs and skiagrams were kindly lent to me by Dr. M. Mukherji, has a 
appearances, physical and radiological, of a boy of 12 to 14 years. He was 32 years 
old (Plate X). Another case which I examined at the Medical College 
aged 20, had the appearance and the radiological characteristics of a boy o 
(Plate XI)- 1^1 tbis case, however, the skiagrams showed definite evidence oi som 






G. Galstaun. 


269 


degree of achondroplasia, with zones of sclerosed bone on each side of the zone 
of proliferation. 

Clark (1936) has used roentgenographic methods in an estimation of metabolic 
rate in such cases of children presenting signs of endocrine disturbance. His paper 
is valuable in showing the variations from notnial ossification that can take place 
in such circumstances. 

ilorrison and Bogan (1927) in a study of sixty-eight diabetic children have 
shown that the times of ossification were more advanced than normal in pre-diabetic 
children, and in those whom the onset of the disease was recent. When diabetes 
had been known to be present for three years or more, ossification was shown to 
be retarded. 

Gray and Geyman (1933) confirmed the findings of Morrison and Bogan. 

It is doubtful if the pancreas itself is responsible for these changes. It would 
seem more probable that an endocrine imbalance created as a result of disease is 
the more likely cause. The matter is of importance in India where the incidence 
of diabetes is high. All figures relating to ossification in diabetic subjects must 
be treated with caution. 

In addition to such variations in the rate of ossification caused by undoubted 
changes in metabolism, there are many pathological conditions which have to be 
considered in individual cases, such as trauma, infections — septic and syphilitic, 
rickets — the chondro-dystrophies and osteo-chondritis. This by no means exhausts 
the list. 

The following series of a:-ray findings are all in respect of Indian subjects of 
known age. No distinction has been made of caste or creed. The majority of 
the cases examined have been either Hindus or Mohammedans of Bengal. No 
difference of any appreciable extent has been found in the ossification of these 
two main groups. A great deal more work is however necessary on this subject. 
It is possible for example that the times of union of epiphyses are not quite the 
same in a Pathan and a Madrasee. A further investigation on these lines should 
include all the main types of races found in India, a few cases of each being examined, 
girls and boys at the various ages, in order to ascertain any differences that might 
exist. 

Pillai (1936) has published a paper dealing with the rate of union, i.e., the 
time taken from the commencelnent to the completion of union of epiphyses and 
diaphyses. Though this thesis does not specifically deal with this aspect of the 
subject — ^Pillai’s results do not agree with ours in Bengal in this respect. It is 
our experience here that the whole process of union is complete in less than six 
months — and less than this in the case of small bones such as metacarpals and 
phalanges. This is in agreement with Flecker. It is my intention, however, to 
verify this work with a few selected cases. It must be remembered in this connec- 
tion that the epiphyseal scar after union has been completed may persist for year.g. 

If an adequate survey were made it .would not be surprising to find a gradual 
acceleration of ossification — as one moved from regions inhabited by races such 
as the Nordic, to those in the Tropics. IITiether, as I have suggested, such 
acceleration is due to an increased metabolic activity owing to an abundance of 
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ultra-violet rays and warmth, combined with skin pigmentation enabling certain 
biochemical changes to take place influencing fari passu maturity and ossification, 
is an interesting speculation. 

Graph 1. 
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cumbersome and I have discarded it in this paper. Sidhom et al. {he. cit.), in 
realizing tlie difficulty of determining accurately by skiagrams the amount of union 
that has taken place between epiphysis and diaphysis, have divided the process 
into three stages. 

Graph 2. 
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Average ages for the union of the common distal epiphysis of the humerus with the diaphysis. 


In the first stage the interval between epiphysis and diaphysis is occupied 
by cartilage and skiagrams show a very definite gap between the two. A section 
taken through this growing end of the bone shows that the cartilage is continuous 
with, or attached to a very thin smooth plate of bone on both the epiphyseal and 
diaphyseal surfaces. The proces3_of osteogenesis and osteoclasis takes place in 
association with these thin plates of bone. They are said to be more marked in 
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Union of the epiphysis for the distal end of the radius. 

Graph 4. 
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Union of the epiphysis of the distal end of the ulna 
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relation to the diaphyseal plate than to the epiphyseal one. Sections show that 
the cartilage cells arranged in their usual orderly rows increase in size towards 
the diaphy'seal plate, while on the epiphyseal side they are fewer in number and 
more irregular. It would seem from the above that the process of osteogenesis 
is more marlced on the diaphyseal side, while at the epiphyseal side osteoclasis 
•takes place with the formation of cancellous bone. 

In this manner the bone lengthens while the bony plates remain the same 
thickness. Near the time of union the cartilaginous space becomes less wide and 

Graph 5. 



In the second stage the single plate of bone formed by the fusion of the 
epiphyseal and diaphyseal plates is often seen in skiagrams. 

The third stage deseribed by Sidhom el al. is reached when this bony plate 
is entirely absorbed and replaced by spongy bone. As mentioned by the above 
authors,- this process may. take mouths or several years. 

J, MR 
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This third stage is in our opinion hardly to be regarded as anything but a 
sequel to the process of union. It is nothing more or less than what has been 
described as the epiphyseal scar. Were such a bone to be macerated, epiphysis 
and diaphysis wouhl remain attaciied. 

In this paper centres have been taken as united when definite bony 
architecture is seen between epiphysis and diaphysis, in such_a manner that, as 
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far as one might ascertain by radiological appearances, the centres would 
united had the bone been subjected to the process of maceration. In some c 
both sides, e.g., both hands and feet, have been compared. No great ^ ^ 
has been found in ossification, though slight differences have sometimes 
observed. This is in accordance with the findings of Koehler. I have not 
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able to confinu Pryor’s {loo. cit.) (intUn”s--lie states tliat ossification is always 
bilaterally symmetrical. Wliile this has been found generally to be the rule, as 
stated above slight variations have sometimes been found. 

If has been suggested to me that this investigation should include some survey 
of the possible effects of varying types of nutrition on ossification. Schinz, 
Baensch {ind h’riedl (1928) have in fact found that variations in ossification and 
epiphyseal union occur as a result of difi'erences in social position, quoting the 
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children of peasants, artisans, and well-to-do people. I have not been able to 
confirm this in India, but further study on the lines of differences fou^ ^ r 
variations pf .diet and nutrition is indicated. The relatively high ^cidence 
osteomalacia in women shut up in zenanas without adequate light an ^ 
air IS a pom er to the variations in ossification that might be expected m 
sub] ects. 
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The present series of cases has been drawn from all strata of the population of 
Calcutta— from very well-nourished families such as those of some of my medical 
colleagues, to some poor orphanages, the only qualification being the certainty 
of age. . They do not show any difference in ossification which could be put down 
to nutrition.' It is possible, however, that 'in 'cases of tribes or castes which are 
very definitel}’’ under-nourished that differences may exist. Dr. Aykroyd at the 
fourteenth Conference of the workers under tlje Indian Kesearch fund Association 
mentioned one tribe in Southern India whose staple diet was tapioca — the dietary 
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in question containing only half of what is considered to be the minimum 
permissible phosphate intake. _ Tfie stature of these people was three inches .below 
honnal. In cases such as this it may be found that differences in ossifications 
exist. More work should be done in this connection. 

The figures given in the following tables have been worked out 

(а) by an ordinary, compilation of my findings, 

(б) by the statistical machine. . . . ! 
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In all nearly seven thousand skiagrams have been taken and examined in the 
course of this work. 

The only paper bearing directly on this subject, apart from my own in April 
1930, is a very short account by Ilcpworth (1929). In this communication boys 
and gii'ls are not separated and so the figures given in this small series are of little 
value. ■ 

Graph 10. 



CLAVICLE. 

The main mass of this bone is said to appear in the fifth or sixth week of ce ^ 
life (Cunningham, 1913). 

A separate centre exists for the inner end. This was found to appear as a 
thin bony plate usually at between the ages of 15 and 19 in boys, fusing at rouna 
about 22 years. In the case of girls the centre appeared at 14 to 16 years, 
fused earlier, 20 being the average age. The difficulty of properly seeing tins 
centre owing to overlapping of bony structures such as vertebrae, ribs, cos^ o 
transverse articulations and the like, can often be overcome by slightly inchniDo 



G. Galsiaun. 


279 


the patient. Our findings show a much earlier appearance of this centre than 
described by Flecker who gives figures of 21 years for appearance and 22 for' fusion, 
in both sexes. In one male examined, aged 22, the centre was seen to have 
fused on the left side but not on the right. It had not appeared in one boy 
aged 20. 

Tabub I. 


The epijihysis for the medial end of the clavicle. 


Age. 

Number of 
girls 

examined. 

Number of 
boys 

examined. 

Appearance 
in girls. 

Appearance 
in boys. 

Fusion 
in girls. 

Fusion 
in boys. 

12 

23 

64 

0 

0 



13 

22 

26 

0 

0 



U 

30 

26 

2 

0 



15 

21 

71 

1 

3 



16 

37 

53 

20 

3 



17 

11 

37 

10 

16 

. * 


18 

21 

21 

21 

9 

. • 

6 

19 

5 

19 

5 

12 

V • 

4 

20 

16 

41 

5 

20 

10 

19 

21 

4 

12 


4 

4 

8 

22 

9 , 

29 


8 

9 

21 

23 

4 

14 


3 

3 

11 

24 

6 

14 


2 

5 

12 

25 

2 

19 

, . 

• • 

2 

19 


SCAPULA. 


The main mass of the body of this bone appears in intra-uterine life — at eight 
weeks or so. It is fairly well formed at birth. The separate centres of ossification 
for the acromion and coronoid processes will be described under their own names. 
The centres described by Cunningham for the lower glenoid lip and vertebral border 
were never seen. The centre for the inferior angle of the scapula was seen in four 
cases, all round about sixteen years. No evidence could be obtained as to its 
time of appearance or fusion. 


The coracoid.— This component of the scapula has been found to develop 
from three centres— one for the main mass, one for the tip, and one for the an^le 
of the process. The two latter are not always seen. ° 

The centre for the main mass was seen at bhth in two newly-born girls 
examined and one boy out of three of each. ^ ^ 


It was seen in both boys and girls from 2| months onwards, and appears to 
“H!® scapula at about 2i years in both sexes. It is 

a difficult centre to be sure of as there is a good deal of bony overlapping. 

The centre for the coracoid tip was seen in one case (male) at 8 years. It 
appeared more usually at between 10 and 11 years in both sexes with a tendency 
to appear earlier m girls. It was usually seen to unite round about 16 years. 

The epiphysis for the angle of the coracoid process is seen in the form of a 
thm plate of bone at the junction of the horizontal and ascending rami medially 
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It was not constantly seen, bnt appeared at 8 to 10 years in girls and 10 to 14 in 
boys. It seems to fuse at 16 ui girls and 17 to 18 years in’ boys. 


Table II. 


Coracoid main mass. 


Age. 1 

NuinLor of 
girls 

e.\a mined. | 

) 

Number of 
hoys 

c.'c.'imined. 

Appe.ir.uice 
in girls. 

t 

Ai)peii ranee 
in boys. 

Fusion 
in girls. 

Fusion 
in boys. 

1 

Under ' 

7 1 

4 

t ! 

, 4 

a 



1 year. 

1 

t 

2 

1 

1 ; 
1 2 

4 



2 

«> 

« 

3 i 

1 

2 

1 5 

3 

4 

5 

! 1 

2 

3 

i 3 

4 

7 

<j 

1 

1 • • 

7 

i 0 

5 

4 

4 



4 

4 

0 ! 

1 

3 

• 1 

• • 1 

' ^ , 1 

1 

3 


The acromion . — The base of the acromion is formed from the original main 
mass of the bone. A separate centre appears for tlie tip. The times of appearance 
and fusion of this centre were found to be as follows : — 

Age of appearance. Age of fusion. 

Males . . . . 13 to 16 14 to 19 

Females . . , . 12 to 14 14 to L7 

The majority of the male cases appeared at 15 to 16 years and fused at 19 
years as compared with 12 to 14 for appearance and 16 for fusion in the case of 
females. 

Cunningham . . Appearance 16-17 Fuses 20 

Flecker ... . . Appearance 14 girls, 15 boys. 

Fuses 16-17 girls, and 17-19 boys. 

Table III. 


Acromion. 


Age. 

Number of i Number of 
girls ! boys 

examined. | examined. 

Appearance 
in girls. 

Appearance 
in boys. 

Fusion 
in girls. 

Fusion 
in boys. 

1 





. « 

2 



• 


• • 

3 






4 






5 






6 






7 





. 

8 






9 




- 


10 





^ 
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■ Table lll—concld. 


1 

Age. 

Number of 
girls 

examined. 

' Number of | 

1 boys j 

1 examined. | 

Appearance 
in girls. 

Appearance 
in boys. 

Fusion 
in girls. 

i 

Fusion 
in boys. 



\ 1 

I 

' < • ' 


1 

12 ' 

21 


i 16 . 



1 

13 1 

21 

; 25 i 

13 

3 


• • 

14 ' 

28 

1 25 

23 

■> 7 

i 

' 1 

15 1 

19 

I 64 

14 

25 

5 


16 ! 

28 

50 

15 

34 ' 

13 

6 

17 1 

1 

, 16 


9 

1 

7 

18 ‘ 

7 

1 9 

1 

6 

6 

3 

■ 19 

2 

i 6 

1 ! 

. . 

1 

6 

20 1 


1 29 

• » 



29 

21 


1 ••6 

. • 

’ • • 

• • 

s 

22 

•• 

' 3 

1 

j * • 


3 


THE HUMEEUS. , 

The centre for the shaft of this bone appears at about tlie eighth week of intra- 
uterine life (Cunningham, he. cit.). The centres for the epiphyses and lower 
end have been studied. 

The head of the humerus.— The upper end of the shaft of the humerus at 
birth is shaped like a sharp wedge. On the medial aspect of this wedge appears 
the centre for the head of the humerus and on the lateral aspect that of the greater 
tubercle. The lesser tubercle appears in the interval between the two, after they 
have fused. i , 

The main centre for the head was found to appear during the first year of 
life in both boys and girls. It was not seen in the newly-born cases examined. 
This is in keeping with both Cunningham (foe. oil.) and Elecker (foe. cit.). Davies 
and Parsons (1927) quote having found it present in two out of four cases at birth. 
It was seen in our series in a boy aged 1 month and two girls aged 2| months. 

The greater tubercle of the humerus . — A separate centre of ossification 
definitely appears for the greater tubercle and so far as we have been able to 
ascertain also for the lesser. Cohn (1924) -is doubtful even about the former. 
Before this investigation, however, it was described among others by Borovanskv 
and Hnevkovsky (1929) and Elecker (he. cit.). Cumlingham (loc. cit.) quotes it as a 
separate centre appearing at from two to three years of age. This is in agreement 
with Paterson’s (loc. cit.) figures. Elecker has described it as appearing at 9 and 11 
months. I have seen it at 7 months in a girl and 10 in a boy. It appears to fuse 
with the centre for the lesser tuberosity at between 5 and 9 years in both boys and 
girls and with the centre for the head at between 2 and 4 years. 

The lesser tubercle of the humerus appeared in one series at between 5 
and 7 years. It fuses with the greater tuberosity in a very short time after its 
appearance. It is a difficult centre to demonstrate clearft in a skiagram. It is 
necessary to carefully rotate the arm to see it. 

Fusion of the main mass of the humeral head wilJi the s/m/<.— These centres 
were found to unite at between 14 and 18 in boys, and 14 and 16 in girls. These 
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figures are considerably earlier than tJiose given by Cunningham (loc. cil.) who 
gives this age at 25 years, and Flecker (loo. cil.) who gives it as between 16 and 20. 
Tables IV to JX show the comparison of figures. 


Table IV. 


The appearance of ihc epiphysis for the head of humerus, and unmi. 
of the compound cpijihysis with the shaft. 


Table V. 

The greater tubercle of the humerus. 


Number of Number of Appearance Appearance 
girls boys in boys, 

examined. examined. ° 


At birth. 
Under 
1 year. 
1 
2 

3 

4 

5 

6 



Fusion 
in boys. 
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Table VI. 

Fusion of head of humerus with greater tubercle. 


Number of 
girls 

examined. 

Number of 
boys 

examined. 

Fusion 
in girls. 

Fusion 
in boys. 

9 

10 

1 

1 

6 

7 

3 

3 

8 

10 

8 

8 

S 

6 

7 

5 

7 

10 

7 

10 

9 

20 

9 

20 

10 

33 

10 

33 


Table VII. 


The lesser tubercle of the humerus. 


Age. 

Number of 
girls 

examined. 

Number of 
boys 

examined. 

Appearance 
in girls. 

Appearance 
in boys. 

2 

9 

10 

1 


3 

6 

7 

, , 

» • 

4 

8 

10 

0 


5 

8 

5 

5 


6 

7 

10 

5 

7 

7 

9 

20 

9 

20 

8 

10 

33 

10 

33 


Table VIII. 


Fusion of head of humerus with greater and lesser tubercles. 


1 

1 

Age. 1 
. 1 

Number of 
girls 

examined. 

Number of 
boys 

examined. 

Fusion 
in girls. 

Fusion 
in boys. 

1 

j 

5 1 

8 

5 



6 

7 

10 

.7 

.7 

7 

9 

20 

7 

15 

8 

10 

33 

9 

32 

!) 

1 11 

16 

11 

16 

10 

22 

1 

43- 

i 

22 

43 
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Taule ix: 

»»'l greater Merck and lesser tubercle with the shaft. 


Age. 


14 

ir, 

115 

17 

18 
I'J 


Kumljer of 
girls 

examined. 


28 

I'J 

28 

1 

7 


Number of 
boys 

examined. 


20 

05 

50 

10 

'J 

0 


fusion 
in girls. 


1 

'J 

5 

1 

7 

o 


fusion 
in boys. 


1 

1 

5 
7 
7 

6 


from throe fi./, *. e* • ^ these js a compound centre formed 

which eventually fuse to "^fom s and lateral epicondyle 

from whicli 1 • ‘J' ? wass. The centre is a separate one 

■part of the lower pi 1 ^ originates and which unites with the inner 

part ot the louer end of the shaft quite separately. 

centre trochlea, and lateral epicondyle.— This 

analysed ption before the actual dates of ossification of this region are 

at 7 ^nd^i capitellum is the first to appear here. It was seen in girls 
at thrpp vppro mu ^ ^ months. It was usually present in both sexes 

outlines ^ centre rapidly assumes a well-defined shape with clear-cut 

^^ochlear centre usually appears in giids at 10 years and in 
y a years. It was seen, however, in one gud at 7 years and two boys at 9. 

it. irregular outline — it is often fragmented. It 

nvpr earliest appearance of the trochlea owing to the 

overlapping of the bony mass of the olecranon. 

Tlip ^pfifiVp^l fhe capitellum and trochlea are not quite regular, 

shorflv iffpr iw If appearance of the trochlear centre is often followed very 
the shaft TTnr fb^ with the capitellum, and often of the joint centre with 

acLracy ' to estimate the time of union with any 

9 to^sVelSTn gfrls^mi?! capitellum and trochlea appears to vary from 

r , 7 ■ ^ ^ to 1.5 ymars in bovs. 

trochlea!™ot?lpplars~^nd%^^^^^^® lateral epicondyle, like that of the 

The average age for the annpf^^^® somewhat irregularly. It is often fragmented. 

12 years. Ppearance of this centre in girls was 10 years and in boys 

Fusion with the mnii-aiu „ 

in girls and between 11 anr? ^ ’“^t between 10 and 12 /ears 

the' lateral epicondyle barl f. ^o^icfi^es it was found that 

appeared in some cases * ^ trochlea had done so, or had even 
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Itt some 30 per cent of cases no separate centre seemed to appear, the process 
fashioning itself from a bud-like extension of the capitellum, which latter becomes 
a toiigue-Iike process pointing upwards at the outer side of the diaphysis. 
Contrary to Flecker, I find that Paterson {loc. cAl.) was correct in this matter. 
Flecker, in attempting to discount Paterson’s findings, has said that intermediate 
stages in this tongue fbrmation are not seen. We have very definitely seen many 
such stages, varying from a small lip to a fully formed tongue. 

j\Iany variatioas are seen in the ossification of this region, e.g., in one boy of 
12 the capitellum had appeared and fused with the shaft and lateral epicondyle, 
though the latter had not completely united with the shaft and was present 
as a tongue. The trochlea in this case had not yet fused with the capitellum 
or shaft. 

In some cases the trochlea was seen to have appeared and fused with the 
capitellum, while the centre for the lateral epicondyle had not yet appeared. 
Sometimes the centre for the lateral epicondyle appeared before that of the 
trochlea. In one case, a girl aged 9, the capitellum had united with the 
trochlea but not with the lateral epicondyle which had already appeared at this 
early age. 

Below appears an analysis of our findings in respect of this epiphysis (Tables 
X to XV) 


Table X. 


Capitellum, 


Age. 

Number of 
girls 

examined. 

Number of 
boys 

examined. 

Appearance 
in girls. 

Appearance 
in boys. 

At birth. 

3 

3 

• 

.. 


Under 

6 

7 

3 

3 

1 year. 

1 

4 

6 

4 

5 

2 

8 

6 

« 

6 

3 

4 

3 

4 

3 

4 

4 

9 

4 

9 

5 

12 

5 

12 

5 

6 

6 

8 

6 

8 

7 

' 8 

21 

8 

21 

8 

11 

■ 32 

11 

32 

9 

11 

16 

11 

16 

10 

17 

42 

17 

42 

11 

4 

44 

4 

44 

12 

23 

64 

7 

57 

13 

27 

26 

6 

20 

14 

51 

27 


17 

15 

35 

64 


33 

16 

41 

50 


8 

1 

17 

17 

16 


18 

16 

■ 

9 



Fusion 
in girls. 

Fusion 
in boys. 


i « 

. . 

ie 

7 

21 

6 

51 

10 

35 

31 

41 

42 

17 

15 

16 

9 
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Table XI. 


The lateral epicondyle. 


Age. 

Number of 
girls) 

cxiimiiicd. 

Number of 
boy.*) 

examined. 

1 Aiipearanco 
ill girla. 

Appearance 
in boys. 

j Fusion 
in girls. 

Fusion 
in boys. 

9 

11 

10 

2 




10 

17 

42 

8 

i 


• • 

U 

4 

44 

1 

1 


• • 

12 

23 

04 

9 

30 

12 

2 

13 

27 

20 

13 

[ 11 

14 

■1 

14 

51 

27 

2 

14 

49 

4 

15 

35 

04 

i 

9 

34 

26 

IG 

41 

50 

1 

13 

41 

37 

17 

17 

10 


2 

17 

14 

18 

10 

i 

9 

• • 

•• 

10 

9 


Table XII. 
Trochlea. 


Age. 

Number of 
girls 

examined. 

Number of 
boys 

examined. 

Appearance 
in girls. 

Appearance 
in boys. 

Fusion 
in girls. 

Fusion 
in hoys. 

7 

8 


1 

.. 

• • 


8 

11 


2 

. . 

• » 


9 

11 


5 

2 

• • 


10 

17 


8 

0 



11 

4 


2 

16 

is 

17 

40 

35 

41 

17 

16 

o 

12 

13 

14 

16 

10 

17 

18 

23 

27 

51 

35 

41 

17 

16 

04 

20 

27 

64 

50 

10 

9 

8 

10 

1 

34 

16 

17 

33 

12 

1 

Q 

5 

7 

30 

38 

15 

9 


Table XIII. 


Union of cajdtellum and trochlea. 


Age. 

Number of 
girls 

examined. 

Number of 
boys 

examined. 

Union in 
girls. 

Union in 
boys. 

8 

11 

32 

1 


9 

11 

10 

1 

. . 


17 

42 

. , 

. . 

11 

4 

44 


4 

12 

21 

64 

2 

9 

13 

20 

26 

1 

6 

14 

27 

27 


2 

15 

19 

64 


5 

16 

28 

50 

• • 

• • 
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Table XIV. 


Union of capitellum and lateral cpicondyle. 


Age. 

Number of 
girls 

examined. 

Number of j 
hoys 

exainined. 

Union in 
girls. 

Union in 
boys. 

9 

11 

16 



10 

17 ( 

42 

4 , 


U 

4 

44 ; 


2 

13 

21 

64 

3 

3 

13 

20 

26 ! 

1 

1 

14 

27 

27 


2 

15 

10 1 

64 


2 

15 

2S 

50 


4 


Table XV. 


Union of capitellum, trochlea, and lateral epicondijle. 


Age. 

Number of j 
girls 1 

e.xamined. | 

Number of 
boys 

e.xamined. 

Union in | 
girls. ^ 

Union in 
boys. 

9 

11 

16 

1 


10 

17 

42 

2 


11 

4 

44 

1 


12 

21 

64 , 

4 

8 

13 

20 

26 

6 

5 

14 

27 

27 

3 

13 

15 

19 

64 


21 

16 

28 

60 

1 

9 


UNION OF THE DISTAL HUMERAL EPIPHYSIS WITH 
THE SHAFT. 

The manner of the union ,of the compound centre above described with tl^e 
shaft is not constant. Sometimes the three components fuse together, the mass 
so formed uniting with the shaft, while in other cases the capitellum fuses first 
and the others follow suit, having occasionally not even appeared before this fusion 
of the capitellum has taken place. More often the trochlea and lateral epicondyle 
are present as tongue-like extensions on either side of the capitellum, the space 
between tongue and shaft below in the case of the trochlea, and laterallv in the 
case of the lateral epicondyle eventually filling up with osseous tissue. 


THE CENTRE FOR THE MEDIAL EPICONDYLE. 


it is 


This centre is next in order of appearance to the capitellum. Like the latter 
usually well formed and does not present the irregularities in shape and 
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ossification that characterize the trochlea or lateral epicondyle. The epiphysis for 
the medial epicondyle was found to appear most commonly at 5 years in girls and 
7 years in boys, uniting with the shaft ut 14 and IG years respectively. 


Table XVI. 


The medial epicondyle. 


Age. 

Number of 
girls 

examined. 

Number of 
boys 

examined. 

Appearance 
ill girls. 

1 

Appearance 
in boys. 

Fusion 
in girls. 

Fusion 
in boys. 

3 

4 

3 

» 




4 

4 

9 

h 




5 

12 

a 

7 




fi 

6 

8 

4 

0 



7 

8 

21 

8 

5 


• 

8 

11 

32 

11 

12 


• ( 

9 

11 

10 

11 

12 

* . 

• 

10 

17 

42 

17 

34 

. . 

• • 

11 

4 

44 

4 

41 


• • 

q 

12 

23 

04 

19 

01 

4 


13 

14 

15 

16 

17 

27 

3d 

41 

17 

20 

27 

04 

50 

‘ 10 

• 19 

12 

.. 

1 

26 

25 

68 

32 

7 

0 

39 

35 

40 

17 

IB 

» • 

2 

6 

18 

9 

8 

18 

10 • 

9 

. • 

1 


6 

10 

5 

0 





THE KADIUS. 

Ossification commences in the shaft of the radius during the ^ 
foetal life. In addition to this diaphyseal centre, there are separate ep p y 
the head and distal end. . 

The epiphysis for the head of the radius . — The epiphysis for the head 
radius was found to have appeared in two boys out of nine at the age or ou • 

appeared in one girl out of four at the age of four. The the case 

appearance of this centre was found to be six in the case of girls and eigin found 

of boys. These figures are rather later than those given by Paterson, . 
that the^ centre had appeared in girls during the fifth year and was ^ 
present in the sixth year and in the case of boys appeared during the 
seventh years. Flecker similarly reports a rather earlier appearanc 
figures were on the whole similar to those of Paterson. 

Fusion with the diaphysis was found to have taken place in six out of 
three girls examined and one out of sixty-four boys at the age of 12. ^ j g „irl 

ages for boys and girls were found to be 14 and 16 respectively." 1 at the 

out of thirty-five examined had not united at the age of 15"; all had uii 



G, Galstaun. 


289 


age of 16. In the case of boys the majority age for union of this epiphysis 
was found to be 16 years. Ten out of sixteen had united at the age of 17 
and all had united at the age of 18. 


Table XVII. 
Head of radius. 


Age. 

Number of 
girls 

examined. 

Number of 
boj's 

examined. 

Appearance 
of centres 
in girls. 

Appearance 
of centres 
in boys. 

Pusion of 
centres 
in girls. 

Fusion of 
centres 
in boys. 

3 

4 

3 





4 

4 

9 

i 

2 



5 

12 

6 

5 

2 



6 

6 

8 

6 

3 



7 

8 

23 

8 

10 



8 

11 

32 

11 

28 



9 

11 

16 

11 

14 



10 

17 

42 

17 

40 



11 

4 

44 

4 

43 



12 

23 

64 

17 

63 

6 

i 

13 

27 

26 

19 

26 

8 


14 

61 

27 

7 

26 

44 

2 

15 

35 

64 

1 

62 

34 

12 

16 

41 . 

60 


21 

41 

29 

17 

17 

16 


6 

17 

10 

IS 

10 

9 



16 

9 

19 

6 

6 



6 

6 

20 

• • 

. 

• • 


• * 

• • 


The distal e'pij)hysis of the radius. — The distal epiphysis of the radius was found 
to appear round about the first year in both boys and girls. Fusion with the 
diaphysis was noted in one out of twenty-three girls at the age of 12, the majority 
age being between 16 and 17. Only one case out of sixteen was found to be 
.ununited at the age of 18, and from 19 onwards all cases were found to have 
united. 

In boys, fusion was first observed .in two out of twenty-six cases at the age 
of 14, the majority age being 18. Beyond this age, every case was found to have 
united. 

Below will be found a comparison with the findings of other authors : — 


Union of the distal epiphysis of the radius. 

Girls. 

Paterson . . . . . . 20 

Flecker . . . , , . . _ 18 

Sidhom et ah 

Galstaun 10i 

J, MR 


Boys, 

21 

19 

18i 

18" 


19 
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Table XVIII. 


The (lisUd epiphysis of the radius. 



Number of 

Number of 

Appearance 

Appearance 

Fusion of 

Fusion of 

Age. 

girls 

boys 

of centres 

of centres 

centres 

centres 

e.vaiuined. 

e.va mined. 

in girls. 

in boys. 

in girls. 

in boys. 

At birth, i 

3 

3 





Under 

1 year. 

5 

4 

2 

• ' 

* ' 


1 

3 

4 

3 




2 

8 

7 

7 

7 



3 

4 

5 

4 

5 



4 

4 

7 

4 

7 



5 

6 

5 

0 

5 



6 

6 

6 

0 

6 



7 

7 

24 

7 

24 



8 

10 

32 

10 

32 ■ 



9 

10 

15 

10 

15 



10 

18 

43 

18 

43 



11 

4 

44 

4 

44 



12 

23 

07 

22 

67 

1 


13 

27 

25 

20 

25 

1 


14 

51 

20 

20 

24 

22 


15 

35 

04 

10 

62 

19 

Ji 

14 

8 

8 

0 

16 

41 

50 

15 

36 

26 

17 

18 

17 

16 

17 

9 

3 

1 

9 

1 

14 

16 

19 

5 

6 

• • 

• • 

0 

20 

• • 

• • 


■■ 




THE ULNA. 

The centre of ossification for the shaft appears early during the second month 
of foetal life. Centres also appear for the tip of the olecranon process an 
end of the bone. . . ,, 

The epiphysis for the tip of the olecranon . — By far the greater f 

olecranon is formed as an extension of the shaft of the ulna. A separa e ep p y 
centre appears for the tip. The earliest appearance of this centre ^ 
was in two out of eight girls examined aged seven. It was seen in one 
two boys at the age of eight. The average time for the appearance ® . j^^yg 

would appear to be between nine and 12 in girls and between 11 and • r^yg^g 
It will be seen from the accompanying table that the appearance oi tnw P 
is not very constant. Fusion was found to take place between tne o 
12 and 17 in boys, the majority at 17 and between 12 and 16 m g > 
majority at 15. ‘ ^ 

It has been observed in quite a number of cases in our series that 
lateral epicondyle of the humerus no separate centre seems to exist for 
the olecranon, the whole of this process in these cases appearing to be gg 

the shaft. It was not possible accurately to estimate the percentage of sue ^ > 
as the times for the appearance and fusion of the centre sometimes over ap. 
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reason for thinking that no separate centre exists in some of these cases is that, 
where such centre has existed and united with the shaft, It is usually possible to 
see some signs of an epiphyseal scar for at least some months after such union 
has taken place. No such scar existed in these cases, the bone presenting a uniform 
architecture. 


Table XIX. 


The epiphysis for the tip of the olecranon. 


Age. 

Number of 
girls 

px.amined. 

Number of 
boys 

examinetl. 

1 

Appearance 

1 ' of centres 
in girls. 

Appearance 
of centres 
in boys. 

Fusion of 
centres 
in girls. 

Fusion of 
centres 
in boys. 

6 

6 

8 

0 

0 



7 

8 

22 

2 

0 



8 

11 

32 

4 

1 



9 

11 

16 

, 7 

. * 



10 

17 

42 

12 

6 



11 

4 

44 

, 2 

18 

, » 


12 

23 

64 

12 

39 

7 

3 

13 

27 

26 

16 

24 

11 

2 

U 

51 

27 

4 

23 

47 

4 

15 

35 

64 

o 

43 

33 

21 

16 

41 

50 

1 

14 

41 

36 

17 

17 

16 


4 

17 

12 

IS 

16 

9 



16 

9 

19 

5 

6 

1 

1 


5 

6 


The dlstal epiphysis op the ulna. 

This centre appeared in our series in three girls out of four aged four and one 
boy out of six at the age of six years. The majority ages for its appearance 
appear to be between eight and 10 for girls and 10 and 11 for boys. Fusion with 
the shaft was seen in eight out of fifty-one girls at the age of 14 as against 
one out of twenty-five boys, the majority ages for girls and boys respectively 
being lY and 18 years. 


Table XX. 


The distal epiphysis of the ulna. 


Age. 

Number of 
girls 

examined. 

Number of 
boys 

examined. 

Appearance 
of centres 
in girls. 

Appearance 
of centres 
in boys. 

Fusion of 
centres 
in girls. 

Fusion of 
centres 
in boys. 

4 

4 

7 

3 




5 

6 

5 

1 

. 



6 

6 

6 

2 

i 



7 

7 

24 

6 

5 



8 

10 

32 

8 

10 



9 

10 

15 

' 9 

8 



10 

18 

43 

16 

34 • 
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TiVBLE XX — concU. 


Age. ‘ 

NuiuLer of 
girls 

examined. 

Number of 
boy.s 

examined. 

Appcarnneo 
of centres 
in girls. 

Ajjpearanee 
of centres 
in boys. 

Fusion of 
centres 
in girls. 

Fusion of 
centres 
in boys. 

11 1 

•1 

44 

1 

1 

4 

40 



12 ' 

23 

07 

2.3 

00 

• • 

. . 

i;i 1 

27 

20 

27 

26 


. . 

u ' 

r>i 

20 

43 

2.) 

8 

1 

15 

30 

Ot 

27 

03 

8 

1 

16 

41 1 

.70 

21 • 

40 

20 

4 

17 1 

17 > 

17 

. 3 

1.5 

14 

2 

Ls ; 

10 

9 

1 

4 

15 

6 

19 

r> 

0 

, , 

• « 

5 

6 

20 

1 

• • 

29 

1 


• • 

• • 



TifE STYLOID PROCESS OF THE ULNA. 

A separate centre for the ulnar styloid process was seen in three cases in this 
series. It appeared very shortly after the lower epiphysis had been well formed. 
This centre is a matter of some importance in view of the fact that this process 
is more often than not fractured in Colies’ fracture. 

Couiparison of figures for the union of the distal epiphysis of the ulna. 

Girls. Boys. 

Paterson . . . . • • 20 21 

Flecker .. .. .. " ^’'^2 ?ni 

Sidhom et al. .. . • • • • • 

Galstaun . . • • • • 


The carpal bones. 

The carpal bones, as a rule, all develop from a single centre. Double 
have been described by Wollard for the scaphoid, Pfitzmer for the cuneitofm, 
and Flecker for the lunate, Pryor and Borovanslcy and Hnevkovsky or 
trapezoid. We have in our series met one case with a double centre for the scap 01 • 
Two cases were doubtful in that where double centres were seen m each case w uc^ 
were thought to be the centres for the trapezium, it was impossible to be sure 
the second one in each case was not for the trapezoid. The order of 
of the carpal bones is as follows ; first the os magnum which is very s 0 
followed by the unciform. Then follow the semilunar, trapezium and trapez . 
scaphoid, and last of all the pisiform. 

The os magnum or capitate bone. 

Of the ca,rpal bones the os magnum or capitate is the first to appear. It 
seen at birth in two out of three girls and one out of three boys. It usually 
its appeurance some time during the first year and seems to present itself ra 1 
earlier in girls. 
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Table XXI. 


The os imgnum or capitate bone. 


. Ago. 

1 

Number of 
girls 

examined. 

i 

Number of 
boys 

examined. 

Appearance 
in girls. 

Appearance 
in boys. 

At birth. 

i 

! '■* ’ 

3 

2 

1 

Under 

4 i 

4 1 

3 

2 

1 year. 

1 


1 

4 

3 

1 

1 4 

2 

i 9 

7 

9 

7 

3 

1 

1 4 

4 

4 

i 

4 

1 7 

4 

7 

5 

6 

» 6 

6 


6 

6 

6 

6 

C> 

7 

7 

24 

7 

1 24 

8 

10 

1 32 

1 

10 

32 


The unciform or hamate bone. 

A centre of ossification for the unciform bone was seen in one out of three 
cases in both boys and girls at birth. The bone is thus next in order of appearance 
to the os magnum and appears very shortly after it. The average age of appearance 
is from 8 to 14 months in both sexes. 


Table XXII. 


The unciform or hamate bone. 


Age. 

Number of 
girls 

examined. 

Number of 
boys 

examined. 

Appearance 
of centres 
in girls. 

Appearance 
of centres 
in boys. 

At birth. 1 

3 

3 

1 

1 

Under 

4 

4 

3 

1 

1 year. 

1 

3 

4 

3 

4 

O 

9 

7 

9 

7 

3 

4 

4 

4 

4 

4 

4 

7 

4 

7 

5 

1 ® 

6 

6 

6 

6 

1 6 

6 

6 

6 

7 

7 

24 

7 

23 

8 

10 

32 

10 

32 


The cuNEiFORii bone or os triquetrum. 

This was seen in one out of nine girls and three out of seven boys at .the age 
of 2. The average age of appearance was 2- to 3 for girls and 3 to 4 for boys. 
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Table XXIII. 


'The cuneiform bone or os triquetrum. 


Ago. 

j Number of 

1 ghls 

1 oxauiiucd. 

1 

1 

i Number of 
j boys 

, e.xumined. 

1 

Appearance 
iu girls. 

Appearance 
in boys. 

1 

J 

4 1 

1 ^ 


O 

w 

0 

7 i 

i 

3 


4 

4 1 

4 

1 

4 

' 4 

7 

4 

7 

o 

' G 

G 

G 

6 

0 

1 6 

G 

5 

3 

7 

1 

•M } 

a 7 

23 

S 

10 


10 

32 

y 

10 

15 I 

10 

15 

10 

! 1 

! 

1 

IS 

• • 


The smiLUNAR or lunate bone. 

This was seen to be present in two out of seven boys aged 2. The avej je 
ago of appearance is 5 in the case of both girls and boys. 


Table XXIV. 


T/ie semilunar or lunate hone. 


Age. 

Number of 
girls 

examined. 

Number of 
boys 

examined. 

Appearance 
in girls. 

Appearance 
in boys. 

2 

9 

7 


2 

3 

4 

4 


. .. 

4 

4 

7 

2 

2 

5 

6 

i 6 

4 

G 

6 

6 

G 

5 

1 

7 

7 

24 

7 

23 

8 

10 

32 

10 

30 

9 

10 

15 

10 

15 

10 

18 

41 

18 

41 


The trapezium or os multangulum majus. 

Ossification was observed in the case of trapezium in two out of fear gids 
aged 4, and twenty out of twenty-four boys aged 7. In all girls aged 7 the centre 
seen and in all boys aged 11. The average age of appearance would appear 
to be 5 to 7 iu the case of girls and from 7 to 11 in the case of boys. 
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Table XXV. 

Trapezium or os mulkingulum majus. 


Age. ' 

Number of 
girls 

examined. 

Number of 
boys 

examined. 

Appearance 
in girls. 

Appearance 
in boys. 

1 1 

i 

3 1 

4 



2 1 

9 1 

7 

. . 

. . 

3 

4 

4 

, « 

. . 

i 

4 ! 

7 

2 

1 

5 

6 

6 

3 

1 

6 

6 

6 

4 

0 

7 

7 

24 

7 

20 

8 j 

10 

32 

10 

17 

9 1 

10“ 

15 

10 

13 

10 

18 

41 

18 

39 

11 

4 

1 

44 

4 

I 44 


The trapezoid bone or os multangulum minus. 

The centre for this bone was seen in one out of six cases examined in hoys 
aged 5. Nineteen out of twenty-four boys had it at the age of 7. In the case of 
girls the centre appears rather earlier, being seen in two out of four girls at the 
age of 4 and all cases at the age of 7 or more. 

Table XXVI. 


The trapezoid bone or os multangulum minus. 


Age. 

Number of 
girls 

examined. 

Number of 
boys 

examined. 

1 Appearance , 

in girls. , 

1 

Appearance 
in boys. 

At birth. 

3 

3 

i 


1 

3 

4 



2 

9 


1 


3 

4 

4 

' * ’ i 


4 

4 1 

7 

2 ' 

6 

5 

6 

6 

3 1 

1 

6 

6 

6 

5 

1 

7 

7 

24 

7 

19 

8 

10 

32 

10 

22 

9 

10 

15 

10 

14 

10 

18 

41 

18 

41 


The scaphoid or navicular bone. 

Ossification was seen in the scaphoid in one out of four girls aoed 4 two out 
of sLx aged 5, and constantly from the age of 7 onwards. In the case of bovs it 
was seen m ten out of twenty-four aged 7, thirty-nine out of forty-one aged 10 
and constantly from the age of 11 upwards. ^ ° ’ 
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Table XXVII. 


The sccvplioid or navicular bone. 


Ago. 

Number of 
girls 

1 oxamined. 

1 

Number of 
boys 

oxamined. 

Appearance 
in girls. 

Appearance 
in boys. 

i 

1 1 

7 

1 


5 

6 

5 

o 


6 

6 

G 

5 


7 

7 

24 

7 

10 

8 

10 

32 

10 

20 

9 

10 

15 

10 

12 

10 

18 

41 

18 

39 

11 

4 

44 

4 

44 


The pisiform bone. 

Ossification was observed in the pisiform bone at a much later date than in 
the carpal bone. In girls it was seen in one case out of ten aged 8 and constantly 
from the age of 12 upw’ards. In boys it was first seen at the age of 11 in sbe out 
of forty-four cases. It was present in twenty-two out of twenty-six aged 14, fifty- 
nine out of SLxty-four aged 15, forty-nine out of fifty aged 16, and constantly from 
the age of 17 upwards. These figures appeal- to be considerably later than those 
given by Flecker or Paterson. 

Table XXIX shows a comparison of the average dates of appearance of the 
carpal bones as quoted by Cunningham, Paterson, Flecker and our series. 

Overlapping of the newly-appeared pisiform with the triquetrum was a source 
of error that was not overlooked and every case was carefully examined with this 
possibility in view. 


Table XXYIII. 


Ago. 


8 

9 

10 

11 

12 

13 

14 

15 

16 
17 


The jrisiform bone. 


Number of 
girJs 

examined. 


10 

10 

18 

4 

21 

20 

27 
19 

28 
1 


Number of 
boys 

examined. 


32 

15 
41 
44 
67 
26 
26 
64 
50 

16 


Appearance 
in girls. 


1 

3 

8 

1 

21 

20 

27 
19 

28 
1 


Appearance 
ill boys. 


6 

34 

16 

22 

59 

49 

16 
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Table XXIX. 

A comparison of the times of appearance of the carpal bones. 


1 CUNSINGIIAll. 

Paterson. 1 

1 

ITleckbr. 

' 

Gaestaun. 

1 

1 

Both sexes, j 

Girls. 

1 

1 

Boys, j 

Girls. 

Boys. 

Girls. 

Boys. 

Capitate . 1 

1 

1 

11/12 mouths 

Under 

6 months. 

1 

1 

(5 months 

6 mouths 

6 months 

6 months ' 

6 months 

1 

Hamate 

12/14 months 

1 

Under j 
6 months, j 

6 months ' 

1 

10/11 i 

months. ; 

i 

10/11 

months. 

S/14 

months. 

S/14 

months. 

Triquetrum * 

3 

2 to 3 

1 

1 3 to 4 

[ i 

3 to 4 

1 

4 

2 to 3 

3 to 4 

Luuate , . i 

t ) to 6 

I 

1 3 to 4 

j 4 to 5 

3 

4 

! 

5 

5 

Jklultangulum ] 
majus. 1 

6 

1 

4 to 5 

i 6 

1 

1 

5 

5 

6 to 6 

7 

aiultaugulum 1 
minus, j 

6 to 7 

] 

j 4 to 5 

1 

6 

j 

6 

1 

6 

6 to 6 

4 to 7 

Scaphoid . . 

6 

6 

1 

i 6 

! 4 

6 , 

6 

7 to 11 

Pisiforin 

10 to 12 

j 9 to 10 

12 to 14 

1 

1 

1 

11 

9 to 12 

12 to 17 


The metacabpals. 

Like other long bones the mctacarpals are developed from a primary centre 
for the shaft, but unlike the majority, usually only have one epiphyseal centre. 
The primary centre in the case of the second, third, fomrth, and fifth metacarpals 
appears at about the ninth or the tenth week of foetal life. The centre for the 
first metacarpal appears a little later. The epiphyseal centres for the second, 
third, fourth, and fifth metacarpals, like those of the phalanges, appear at the base 
in contra-distinction to the others where the centre appears at the head. If it 
is borne in mind that the fix-st metacarpal and metatarsal morphologically are 
phalanges, this is to be expected. Cunningham quotes Broom {Anat. Anz., 28) 
who by a comparison to reptilian types explains this difierence in ossification, 
in that, the ends of the bones that enter into formation of joints possessing the 
freest movement are the ends where the epiphyses usually appear. ^ 
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The first metacarpal . — The shaft and head of the first metacarpal are formed 
from the primary ossific centre as in the phalanges. The base is developed from 
an epiphysis. 

In 5 per cent of cases examined, as shown by the accompanying table, a second 
ei)iphyscal centre was found for the head. Borovansky and Hnevkovsky found 
this epiphysis hi 50 per cent of Prague boys and suggest that owing to a fissure 
often seen the percentage might actually be 70. A careful scrutiny of om cases 
does not confirm this. Paterson suggests that the second epiphysis is hereditary 
and quotes a case in which it was seen in a father and two sons. Wakeley has 
described these centres as pseudo-epiphyses and has recorded some unusual ones 
including bilateral centres in the base of the second metacarpal. 

Our series showed that one out of eight girls and two out of seven boys had 
the epiphyseal centre for the first 'metacarpal at the age of 2. All of three girls 
aged 3 showed it. It was present in all boys and ghls from the age of 5 onwards. 

Union of the epiphysis for the shaft was present in the majority of girls aged 
14 and all aged 17. In the case of boys the majority age was found to be between 
16 and 17. All cases aged 18 or more were found to have united. 

Second, third, fourth, and fifth melacarpals . — As described above, the epiphyseal 
centre for this bone is at the head, though additional centres have occasionally 
been described by both Wakeley and Paterson as occurring at the base. The 
epiphyseal centres for the second, third, fourth, and fiftli metacarpals appear rather 
earlier than that of the first metacarpal. It was seen in one girl aged 7 
More than half the cases were ossified at the age of 2. At the age of 3, all the 
girls were found to have the centre. Three out of four boys showed appearance. 

Fusion in these epiphyses, in the majority of cases, takes place at the age of 
14 in girls and 15 in boys. 

Table XXX. 


First metacarpal. 


Age. 

Number of 
girls 

examined. 

Number of 
boys 

examined. 

Appearance 
in girls. 

Appearance 
in boys. 

Fusion 
in girls. 

Fusion 
in boys. 

Under 

1 year. 

7 

! 

G 

0 

0 

•• 

•• 

1 

3 

4 

0 

0 

•• 

•• 

2 

8 

7 

1 

2 

• • 

• • 

3 i 

3 

4 

3 

0 

• • 

•• 

4 

4 

7 

4 

5 

1 

•• 

5 

6 

6 

6 

5 

. . 

•• 

6 

6 

6 

6 

5 

•• 
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Table XXX — concld. 


Ago. 

Humber of 
girls 

examined. 

Number of 
boys 

examined. 

Appearance 
i« girls. 

Appearance 
in boys. 

Fusion 
in girls. 

Fusion 
in boys. 

13 

27 

25 



6 

1 

U 

.71 

26 



39 

2 

15 

35 

64 



30 

9 

16 

41 

SO 



37 

26 

17 

17 

17 




11 

18 

10 

9 



14 

9 

19 


6 

, , 

.. 

5 

6 


Table XXXI. 


Second, third, fourth, and fifth metacarpal. 


Age. 

Number of 
girls 

examined. 

Number of 
boys 

examined. 

Appearance 
in girls. 

Appearance 
in boys. 

Fusion 
in girls. 

Fusion 
in boys. 

Under 

1 year. 

7 

6 

1 

0 

• • 


1 

3 

4 

1* 




2 

S 

7 

4 

4* 

.. 


3 

3 

4 

3 

3 

• . 


4 

4 

7 

4 

6 



5 

6 

0 

6 

6 



6 

6 

6 

6 

6 

• . 


13 

27 

25 



6 


14 

51 

25 


* . 

38 

2 

15 

36 

64 



33 

10 

16 

41 

50 



40 

26 

17 

17 

16 



17 

11 

18 

16 


• • 


16 

0 


* Except little finger. 


Table XXXII. 


A comparison of the times of appearance and fusion of the epiphyses for 

the metacarpals. 



CUHNHJQHAJI. 

Pate 

asoN. 

Feeceeb. j 

SiDHOM et al. i 

Galstacn. 

Boys. 1 

Girls. ' 

1 

Boys, ! 

Girls. 

Boys, 

i 

1 

Girls. 1 

Boys. 

1 ' 

Girls. 

1 

Boys. ' 

Girls. 

f Appearance 
lat metacarpal 4 

3 

3 

1 ' 

3 

2 

2 i 

Under 

2 

I ; 

i 

1 ■■ : 

. . 

4 

3 

f Fusion 

20 


19 

17 

18 

16 

17118 

17/Ig 

I6/IS 

14/16 

2nd, 3rd, 4th, f Appearance 
and 5 th .! 

3 

: 3 

1 

2 

S 

1 i 

*• 

« , 

i 

5 

metacarpals. ( Fusioa 

i 

1 20 
• M 

, m 

1 i 

i 

17 

IS 

1 

1 

17/18 

" 

16/18 

: 14/15 
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Table XXXIII. 

IiistuHCCs of the distal cpi'physis for the frsl vietacaipal. 


Ago. 

1 

Mule. 

Female. 

y 

i 

2 

0 

10 

5 

O 

11 

G 

0 

12 

3 

2 

i:j 

2 

0 

14 

2 

0 

lij 

4 

0 

10 

2 

0 


Total ao out of GOO eases oxamined. 


The phalanges of the hand. 

Ossification in the sliafts of the phalanges 
of intra-iiteriue life. An epiphyseal centre appears for i c £ opinion 

Table XXXIV will show that there is a good Flecker 

as to the times of appearance dncl fusion these epiplys. Paterson found ' 
has found that the proximal row appears that of Flecker 

that there was not much dificrencc. Our series tended to appear 

showed that the epiphysis for the proximal phalanx for the thumb 

rather earlier than its fellows in the same row. ^ • 1 of phalanges 

The appearance of the epiphyseal centres in 2 to d- years in 

was found to be at Id years on the average in as stated above, 

males. The epiphyses for the proximal phalanx foi the ^ ^^£^ found to 

usually appear h little later in both sexes. Union ^^ith the sUalt 
take place at Id to 15 years in females and 17 to 18 years i • g^ppear at 

In the middle row of phalanges the epiphyseal centre Yl,e little 

from 2 to d years in females and at an average of 3 years i Union with 

finoer was sometimes behind in the appearance or tins c • i jg jo 18 
the shaft was found to take place at Id to 16 years m females and 

in males. _ centre was 

In the terminal row of phalanges appearance of tlm is rather 

seen at 3 years in females and 3 to 5 years in males. This la » found to 
later than that quoted b}’' other authorities. Union with the s a 
take place at the age of 15 in females and at 17 to 18 in males. for the 

It is absolutely essential in taking skiagrams of the hand ]rept 

purpose of seeing the epiphyseal centres that part to be ^ radiograp i^pping. 

absolutely flat. The slightest flexion will obscure an epiphysis by ygrious 

Tables XXXIV and XXXV show a comparison of figures given oy 
authors. 
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Table XXXIV. 

The jyhalanges of the hand. 


Age. 


Number of 
girls 

examined. 


Number of 
boys 

examined. 


Appearance Appearance 
in girls. in boys. 


Proximal. 


Under 

6 1 

C 

1 

0 

1 year: 

1 

3 ' 

4 

2t 

2t 

2 

8 , 

7 

4* 

2 All 


1 


3 All 

4* 

3 

3 1 

3 

3 

2 

4 

4 

7 

4 

6 

5 

G 1 

5 

6 

5 

6 

6 

6 

6 

6 



Middle. 



1 

3 

4 

0 

0 

0 

8 

7 

3 

1 

3 

3 

3 

3 

2 

4 

4 

7 

4 


6 

6 

6 

6 

5 

6 

6 

. 6 

6 

6 



Terminal. 



1 

3 

4 

0 

0 

2 

8 

7 

3 

0 

3 

3 

3 

3§ 

2 

4 

4 

7 

4 

4 

5 

6 

6 

6 

5 

6 

6 

6 

6 

6 


* Except thumb. Except thumb and little finger, 

•t Except little finger in 3 cases. § Except little finger. 


Table XXXV. 


The phalanges of the hand. 



Number of ] 

Number of 

Age. 

1 girls 

boys 


I examined. 

examined. 


Fusion 
in girls. 


Fusion 
in boys. 


Proximal. 


12 

■ 23 

66 

1 


13 

27 

25 

1 


14 

61 

25 

36 

2 

15 

35 

64 

31 

10 

16 

41 

50 

41 

2a 

17 

17 

17 

17 

11 

18 

16 

9 

16 

9 

19 

5 

6 

5 

6 
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-v«e. 


Table XXXY—concM. 


Number of 
girla 

oxiuuincd. 


Number of 
boys 

oxaiuiiied. 


Fusion Fusion 
in girls, in boys. 


Middle. 


12 

23 

00 

2 


i:i 

27 

25 

1 

1 

M 

51 

25 

30 

2 

15 

35 

61 

31 

8 

IG 

41 

50 

41 

21- 

17 

17 

17 

17 

10 

18 

10 

9 

10 

• 8 

19 

5 

0 

5 

6 



Terminal. 



12 

23 ] 

1 00 

1 2 


13 

27 

25 

7 

1 

14 

51 

1 25 

39 

2 

15 

35 

64 

31 

11 

10 

41 

50 

41 ' 

29 

17 

17 

17 


11 

IS i 

10 

9 

16 

9 

19 ' 

• 

5 

6 

5 j 

1 

6 


Table XXXVL 


A comparative table of ossijicalion of the carpal phalanges. 
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The sesamoid bones. 

The sesamoid of the thumb was seen in one girl aged 9, an average age. of 
appearance is 12. It was not seen in boys till the age of 12 and was not consistently 
present till the age of 16. 

The other carpal sesamoids were found to be so irregular in their appearance 
that they were not studied from a statistical standpoint. 

The sesamoid of the great toe . — ^This was seen in five girls out of ten examined 
aged 9 and was present in all cases examined aged 12. In the case of boys the 
age of appearance varied from 9 to 16. 


Table XXXVII. 


The sesamoid {thumb). 


1 

Age. 

Number of 
girls 

examined. 

Number of 
bo}'s 

examined. 

Appearance 
in girls. 

Appearance 
in boys. 

8 i 

10 

32 



9 

10 

15 

i 


10 

17 

41 

1 


11 

4 

44 

1 

. . 

12 

21 

63 

17 

11 

13 

20 

25 

17 

6 

14 

27 

25 

27 

14 

15 

19 

64 

19 

35 

16. 

28 

50 

i 

28 

50 


Table XXXVIII. 


The sesamoid {great toe). 


1 

Age. 

1 Number of 
girls { 

[ examined, j 

Number of 
boys ! 

examined. 

Appearance 
in girls. 

Appearnnee 
ia boys. 

8 

10 

1 

32 



9 

10 

15 

5 

i 

10 

17 

41 

8 I 

3 

11 

4 

44 


i 10 

12 

21 

63 

21 1 

1 32 

13 

20 

25 

19 

18 

14 

I 27 

25 

27 

21 

1.5 

1 19 

64 

19 

60 

16 

' 28 

50 

28 

50 


OS HSFNOMIXATUM. 

components of the os innominatum, the earliest to commence 
ossifacation is the ilium in which a centre is seen at about the ninth week of 
intra-uterine life. The ischium ossifies next at about the.fdurth month The 
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pubis is the last of the tlireo bones to begin osseous development which starts from 
a centre anterior to the acetabulum between the fifth and sixth month. 

At birth, and for the first few years of life, the three bony components are 
separated at the acetabulum by a triradiate piece of cartilage. The ischio-puhic 
junction is also separated by cartilage at tlie junction of the ascending portion of 
the ischial and the desceuding portion of the pubic ramus. 

In addition to these main centres, accessory centres are found for the iliac 
crest, the tuber ischii, very occasionally for the anterior superior iliac spine and 
various portions of the triradiate cartilage mentioned above (os acetabuli). IVith 
regard to this latter it is extremely difficult in skiagrams to see the centrally-placed 
ossicles. One was not infrequently met with, however, at the upper edge of the 
acetabular lip (see Appendix). 


The CRES'i' oe the iLimi. 

The centre for the crest of the ilium was found to make its appearance at an 
average age of 14 in girls and 17 in boys. The earliest age at which it was seen 
in both girls and boys was 12. Fusion of this centre with the main mass of the 
ilium was found to take place at between 17 and 19 in girls and 19 and 20 in boys. 
It was found diflScult to get a sufficient number of ghls aged 17 and upwards for 
exargination. This deficiency is in process of being remedied. 


Table XXXIX. 


The crest of the ilium. 


Age. 

Number of 
girls 

examined. 

Number of 
boys 

examined. 

Appearance 
of centres 
in girls. 

Appearance 
of centres 
in boys. 

Fusion 
of centres 
in girls. 

Fusion 
of centres 
in boys. 

1 

11 

4 

44 



# • 


12 

21 i 

64 

2 

3 

» • 

* • 

13 

20 

25 

' 1 

3 


* • 

14 

i 27 

i 26 i 

18 

8 

1 


15 

19 

64 

19 

22 

* • 1 

1 

16 

28 

51 

27 

32 

1 

2 

17 

3 

16 

1 

12 

2 

4 

18 

9 

10 

4 

8 

5 

! 2 

19 

4 

6 

1 

1 

3 

! 5 

20 

1 

30 

1 

2 


28 

21 

, , 

8 


1 


7 

22 

• • 

3 

• • 

• • 

• ' 

3 


The union oe the ilium, ischium, and tubis at the acetabulum. 

The replacement of the triradiate cartilage of the acetabulum with bone was 
found to take place at between the ages of 13 and 14 on an average in girls and at 
round about 15 to 16 in boys. These figures are rather later than those given by 
Flecker who gives between 13 and 14 as the average age for girls and 16 for boys. 
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Table XL. 

The union of the ilium, ischium, and pubis at the acetabulum. 


Age. 

Number of 
girls 

examined. 

Number of 
boys i 

examined. i 

1 

Fusion of 
centres 
in girls, 

Fusion of 
centres 
in boys. 

10 

17 

43 



11 

4 

44 

, , 

, , 

12 

21 

64 

7 

4 

13 

20 

27 

8 

4 

14 

27 

25 

25 

9 

lo 

19 

64 

19 

27 

16 

23 

60 

2S 

40 

17 

1 

16 

1 

13 

18 

7 

10 

7 

10 

19 

2 

6 

2 

6 

20 

•• 

29 

•• i 

29 


The union of the ascending ischial with the descending pubic 

RAMUS. 

The union of these two bones was found to take place at an average age of 
8| in both girls and boys. The earliest fusion was seen in two out of eleven boys 
aged 4. Three out of sis girls aged 4 were found to have united. 


Table XLI. 

The union of the ascetiding ischial with the descending pubic ramus. 


Age. 

Number of 
girls 

examined. 

Number of 
boys 

examined. 

Fusion 
in girls. 

Fusion 
in boys. 

3 

4 

3 



4 

6 

11 

3 

2 

5 

8 

8 

4 

4 

6 

5 

$ 

2 

4 ’ 

7 

6 

20 

2 

13 

8 

9 

33 

6 

32 


10 

16 

10 

15 


17 

43 

17 

40 

11 ! 

4 

44 

3 

44 

i 

21 

64 

16 

46 

13 ! 

20 

27 

20 

27 

14 

27 

26 

27 

23 

15 

19 

64 

19 

64 

16 

28 

50 

28 

49 

17 

1 

16 

1 

16 

18 

7 

10 

7 

10 


MB 


20 
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Tiik symphysis pubis. 

The epipliyseal centre for tlie symphysis pubis, such as is usually described 
in textbooks of anatomy, was nob seen in any case in our series, j 

The ischial tuberosity. 

This centre is seen as a thin plate of bone lying along the ascending ramus of 
the ischium and the descending ramus of the pubis. Stevenson described this as 
the ramal epiphysis as distinct from that of the tuber ischii. I have not been able 
to distinguish the two. The centre was found to appear at between 14 and 16 in 
girls and 16 and 18 in boys. It unites at round about 20 years. It is a difficult 
centre to be sure of as it is not always seen and it becomes a matter of conjecture 
to be sure as to whether it has not appeared, or appeared and united. 


T.tABLE XLII. 


The ischial tuberosity. 


Age. 

Number of 
girls 

examined. 

i Number of 
boys 

examined. 

Appearance 
in girls. 

Appearance 
in boys. 

13 

20 

25 



14 

27 

26 

i4 


16 

19 

64 

16 

• • 

16 

28 

61 

22 

18 

17 

3 

16 

2 

6 

18 

8 

10 

7 

9 

19 

4 

6 

3 

4 

20 

• * 

1 30 

1 • • 

8 

21 

• • 

8 

• • 

7 

' 22 : 

• - 

3 

• • 

1 

1 


THE FEMUR. 

The ossification of the femur takes place from five centres usually, viz., shaft, 
head, greater and lesser trochanters, and lower end. 

The shaft . — Ossification commences in the cartilaginous shaft early m 
second month of foetal life. At birth a fairly well-ossified shaft is seen expan 
at both ends. 

The centre for the femoral head . — ^In three cases of each sex examined 
day of birth the centre for the head was not seen, nor was it seen in a gnl o 
weeks. In the case of a female child of four months the centre was seen to a\ 
just appeared, ossification being slightly more advanced on the left side than o 
the right. The centre on the right side was a mere speck just distinctly recogni 
able as an epiphysis. In the case of a male child of seven months no centre wa 
seen on either side in one case, whereas it was present bilaterally in another- n 
a girl of the same age, the centre was seen on both sides, having just appeared. 1 
was slightly larger on the left side. 
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IMost authorities agree that the centre usually makes its appearance during 
the sixth to the twelfth month of life. Boro^ansky and Hnevkovsky report a 
case of a boy of three weeks in which the centre was seen. 

All cases examined of both sexes of a year or more old showed appearance of 
the centre. 

Union of the head of the femur with the shaft. — Two male cases were seen to 
unite at the age of 14, the majority uniting at the ages of 16 and 17. 

In the case of females, two cases were seen to unite at the age of 13, and the 
majority at the ages of 14 and 15. At the latter age all cases examined were found 
to have united. These dates of union appear to be earlier than the figures given 
by other observers. Cunningham gives the age of fusion as between 18 and 20 
years. Paterson gives 17 for females and 18 for males. Flecker gives 14 as the 
majority age for girls and 17 as the majority age for boys. 


Table XLIII. 


The epiphysis for the head of the femur. 


Age. 

Number of 
girls 

examined. 

Number of 
boys 

esammed. 

Appearance 
of centres 
in girls. 

Appearance 
of centres 
in boys. 

Fusion of 
centres 
in girls. 

Fusion of 
centres 
in boys. 

At birth. 

3 

3 





Under 

7 

6 

3 

3 



1 year. 

1 

5 

7 

6 

7 



2 

7 

11 

7 

11 



3 

4 

3 

4 

3 



4 

6 

12 

6 

12 



6 

8 

9 

8 

9 



6 

6 

8 

5 

8 



7 

6 

20 

6 

20 



8 

9 

33 

9 

33 



9 

10 

16 

10 

16 



10 

17 

43 

17 

43 



11 

a 

44 

5 

44 



12 

21 

64 

21 

64 



1.7 

20 

27 

18 

27 

2 


u 

27 

25 

11 

23 

16 

2 

15 

19 

64 


.54 

19 

10 

16 

28 

.50 


28 

28 

22 

i 7 

3 

16 


5 

3 

11 

18 

8 

10 



8 » 

10 

19 

4 

6 


• ’ 

4 

6 


The epiphysis for the greater trochanter. 

centre for the greater trochanter was seen in a boy and a girl at the age 
0 . It was absent in three out of six girls aged 4 and present in six out of twelve 
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boys at tliis age. It was present in all tlie cases examined, both boys and girls, 
at the age of 5. 

Paterson gives the average ages of appearance as 5 in the case of males and 
d in the case of females. Flecker gives the age as 5 for both sexes and describes 
one case of a girl aged 2, in which the centre was present bilaterally. 

The epiphysis for the greater trochanter has an irregular mottled appearance, 
not unlike that of a calcified lymph node which does not assume a regular outline 
until it is fairly well fonned. 

The majority ages for the fusion of this epiphysis were found to be 14 in the 
case of girls and 17 in the case of boys. All the girls examined had fused at the 
age of 15 and all the boys at the age of 18. Paterson gives the majority figure 
for boys and girls as 18 and IG to 17 respectively. Flecker gives the average ages 
of union as 14 to 15 in girls and 17 to 18 in boys. 

Table XLIV. 


The epiphysis for the greater trochanter. 


Age. 

Number of 
girls 

examined. 

Number of 
boys 

examined. 

Appearance 
in girls. 

Appearance 
in boys. 

Fusion in 
girls. 

Fusion in 
boys. 

At birth. 

3 

3 



» • 

• 

1 

5 

7 

• « 

» . 

» • 

• 

2 

7 

11 

• • 

» • 

• • 


3 

4 

3 

1 

1 

• • 


4 

6 

12 

3 

6 

• • 

••• 

5 

8 

9 

8 

8 

• • 


G 

5 

8 

5 

8 

• • 

*>• 

7 

G 

20 

6 

20 

• • 

• 

8 

9 

33 

9 

33 

• • 

• 

9 

10 

16 

10 

16 


• • 

10 

17 

43 

17 

43 

• • 

•>« 

11 

5 

44 

5 

44 

• • 

•>« 

12 

21 

64 

21 

64 

• • 

• • 

13 

20 

27 

18 

27 

2 


14 

27 

25 

11 

23 

16 

10 

22 

11 

10 

a 

15 

19 

64 


54 

19 

16 

28 

50 


28 

28 

17 

3 

16 


5 

3 

18 

8 

10 



8 

19 

4 

6 



4 

29 

20 


29 


• • 



The epiphysis for the lesser trochanter. 

The development of the lesser trochanter is not constant. In 
majority of cases during the first year a bud-lilce extension is seen from the s a 
In many cases this is the only source of development of the lesser trochan er. 
In other cases, at between 12 and 15, in both boys and girls, a separate centre ol 
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ossification develops which fuses shortly after at an average figure of 16 to 17. 
These figures are more or less in agreement with those given by other authorities. 


Table XLV. 


The. epiphysis for the lesser trochanter. 


Age. 

‘ 

Number of 
girls 

examined. 

Number of 
boys 

examined. 

Extension 

IN 

Appbakanck 

OP OENTBE IN 

Extension 

AND CENTRE. 

Fusion 

IN 

Girls. 

Boys. 

Girls. 

Boys. 

Girls. 

Boys. 

Girls. 

Boys. 

At biith. 

3 

3 









Under 

7 

6 

i 

2 

* ' 

•• 


•• 



1 year. 

1 

5 

7 

1 

7 








7 

11 

4 

9 







3 

4 

3 

4 

0 







d 

6 

12 

2 

10 




• • 

. . 


5 

3 

9 

7 

6 





. . 


6 

5 

8 

4 

4 



, . 

. , 

. * 


7 

6 

20 

2 

9 


•• 



•• 


8 

9 

33 

5 

19 


•• 





a 

10 

16 

4 

9 







10 

17 

43 

8 

24 


• • 





11 

5 

44 

3 

26 


1 



• • 


12 

21 

64 

9 

26 

3 

4 

i 

6 

6 

5 

13 

20 

.27 

I 

14 

!) 

.. 


5 

4 


14 

27 

25 

7 

9 


4 

4 

4 

16 

3 

16 

19 

64 

, , 

24 


17 


6 

19 

10 

16 

28 

30 

, , 

9. 


7 


7 

28 

20 

17 

3 

16 

, , 



1 


2 

3 

11 

18 

8 

10 

■■ 

" 




■■ 

8 

10 


The distal epiphysis of the femur. 

The centre of ossification for the lower epiphysis of the femur was seen in each 
of three boys and girls examined on the day of their birth. This is in agreement 
with the findings of other observers. 

Union of the shaft was seen in two out of twenty-five cases in males aged 14. 
At the age of 16, sixteen out of fifty were united. All cases of 18 and more showed 
complete union. 

In the case of females, sixteen out of twenty-seven had fused at the age of 14. 
At the age of 15, twenty-six out of twenty-eight had fused. At the age of 17 and 
more, all cases were found to have united. 

Paterson gives the majority age of fusion in boys as 18 years and in girls 
16 years. Flecker curiously finds the ages to be 19 and 17 respectively. His 
figures, however, show a relatively small proportion of cases examined. 
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Table XLVI. 


Tha dislal epiphysis of the femur. 


Age. 

Number of 
girls 

examined. 

1 1 

Number of 

I boys 

examined. 

1 

1 

Appearance 
of centres 
in girls. 

Appearance 
of centres 
in boys. 

Fusion of 
centres 
in girls. 

Fusion of 
centres 
in boys. 

At birth. 

i 

3 

3 

3 

3 


■ 

Under 

6 

3 

6 

'3 

* • 


1 year. 

1 

5 


5 

4 


H 

o 

6 

12 

G 

12 



13 

20 

25 

20 

25 



U 

27 

23 

11 

23 

16 


15 

19 

6-t 

1 

59 

18 


16 

28 

50 

2 

34 

26 


17 

1 

16 

1 ^ ^ 

6 

1 


IS 

7 1 

10 

1 

. . 

7 


19 

2 ! 

1 

6 

• • 

• • 

2 

■ 


THE TIBIA. 

This bone is developed from three centres, one for the shaft and one for each 
end. Ossification commences in the shaft early in the second month of intra- 
uterine life. At birth the shaft is seen to be fairly well formed. 

The proximal epiphysis of the tibia . — It is categorically stated in textbooks 
of anatomy and of medical jurisprudence that the centre of the proximal epiphj^sis 
of the tibia is present at birth. Pryor has described one case of a girl prematmely 
born at 8 months in whom he found the centre though it was absent in two others 
of the same age. This series includes three babies of each sex who were examined 
on the day of their birth. Each of the three girls was found to have the centre 
bilaterally. In one of the three boys the centre was definitely absent on bota 
sides. In another it was doubtful on one side and absent on the other. ^ The third 
had the centre present on both sides. It is certain that this epiphysis must be 
present very shortly after birth in every case. 

Cunningham describes an accessory centre appearing just below the mam 
one. We have not seen this centre in any case in our series. Very often a 
triangular-shaped projection towards the shaft is seen. 

Fusion of the proximal tibial epiphysis with the shaft was found to take place 
in girls at the age of 14, the majority age being between 14 and 15. In boys on y 
two cases were found to have united out of twenty-five at the age of 
majority age being 16, at which twenty-six out of fifty had united. Iii every 
case aged 18, this centre was found to have united with the shaft. In girls 
age of 16 only one out of twenty-eight remained ununited and all cases aged 
or more showed complete union. 
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The following is a 
epiphysis : — 


Paterson 

Flecker 

Galstaun 


comparison of figures for the majority ages of union of this 

Girls. Boys. 

16 to 17 18 to 19 

!! .. 15 18 

.. 14 to 15 16 to 17 


Table XLVII, 

The froximal epiphysis of the tibia. 


Age. 

Number of 
girls 

examined. 

Number of 
boys 

examined. 

Appearance 
of centres 
in girls. 

Appearance 
of centres 
in boys. 

Fusion of 
eentres 
in girls. 

Fusion of 
centres 
in boys. 

At birth. 
Under 

1 year. 

1 

2 

13 

14 

15 

16 

17 

18 

19 

3 

6 

5 

6 

20 

27 

19 

28 

1 

n 

2 

3 

3 

4 

12 

25 

25 

64 

60 

16 

10 

6 

3 

6 

5 

6 

20 

16 

4 

1 

2 

3 

4 

12 

26 

23 

69 

24 

6 

• • 

12 

16 

27 

1 

7 

2 

» • 

• • 

• • 

« • 

t • 

2 

6 

26 

10 

10 

6 


The centre for the tibial tuberosity. 

The ossification of the tibial tuberosity is not always very regular. Any one, 
or a combination, of three things may take place. The centre of ossification may 
appear in the cartilage covering the upper anterior^ surface of the tibia which 
may unite in the ordinary manner. In the vast majority of cases a tongue of bone 
develops as a bud-like projection downwards from the proximal epiphysis of the 
tibia. This tongue which lies in cartilage may fuse with the adjacent shaft. In 
the majority of cases a combination of these two things appears to take place. 
Two cases examined in our series showed the presence of the osteochondritis 
described by Osgood and Schlatter. The discovery was accidental. The earliest 
ages at which the tongue was seen were 8 in the case of females and 9 in the 
case of males, the majority ages being 12 and 14 in both sexes. 

The separate epiphysis described made its earliest appearance at the age of 
9 in girls and 10 in boys. It is often a matter of difficulty in these cases to ascertain 
clearly whether the centre has or has not been ^incorporated with the tongue and 
formed one homogeneous mass. 
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Table XLVIIL 


The libiid luberosily. 


Ago. 

Number of 
girla 

o.xamincd. 

Number of 
boys 

1 o.xftminecl. 

Toboub IB 

Cebthk IB 

Tobque 

ABD CEBTBE 

IB 

FcSIOB IK 

Girls. 

Hoys. 

Girls. 

Boys. 

Girls. 

Boys. 

Girls. 

Boys. 

8 

U 

32 

1 



1 


■ 



y 

10 

IG 

1 

1 

1 

- . 

. . 

1 

. - 


10 

17 

•12 

B 

B 

3 

B 

1 

B 


•• 


■1 

11 

■ 


• • 

B 


1 

• • 

1 

12 

21 

G3 

13 


2 

8 

3 


•• 

1 

13 

20 

25 

11 

6 

2 

6 

1 


•• 

•> 

1-1, 

27 

25 

y 

12 

* . 

5 

2 


9 

2 

lu 

10 

01 


28 

. • 

0 

1 


17 

9 

16 

28 

50 


20 

• • 

2 

. . 

1 

28 

25 

17 

1 

IG 


2 

• • 

. . 

• . 

. • 

1 

13 

18 

7 

9 

WM 

• • 

» • 


. . 

•• 

7 

9 

19 

2 

b 

1 

•• 

•• 


• • 

• • 

2 

6 


The distal epiphysis of the tibia. 

Ossification of the lower tibial epiphysis coinnieuces early, usually late during 
the first year of life. It was seen in all cases examined of both boys and girls at 
the age of 1, and the earliest appearance was in a girl aged 7 months. Borovansky 
and Hnevkovsky found it in one case of a boy aged 3 months and 3 weeks. Flecker 
found it in a girl of 7 and a boy of 9. As is usual with an epiphysis that appears 
early, fusion is relatively late. Union was found in two out of twenty-five boys 
at the age of 14 and one out of twenty girls at the age of 13. The majority ages 
were found to be 16 in boys and 14 to 15 in girls. In all girls aged 17 or more fusion 
was observed, whereas in boys the same was not seen until the age of 18. 

A comparison of the average ages of fusion given by Paterson, Flecker, an 
myself is interesting 

Girls. Boys. 

Paterson . . . . . . 16 18 

Flecker .. .. .. .. 14-1-3 17 

Galstaun .. * .. .. 14-1-4 16 













G. Galstaim. 


313 


Table XLIX. 


The distal epiphysis of the tibia. 


1 

Age. 

Kuraber of 
girls 

osatuincd. 

Number of 
boys 

examined, i 
1 

Appearance 
of centres ’ 
in girls. j 

Appearance 
of centres 

1 in boys. ^ 

Fusion 
of centres 
in girls. 

1 . 

b usion 
of centres 
in boys. 

At birth. 

3 

3 


i 



Under 

5 

3 

3 




1 year. 

1 

3 

4 

3 1 

1 



2 

7 

8 

7 

8 

. . 


13 

20 

26 

19 

26 

1 


U 

27 

25 

14 

23 

13 

2 

15 

19 

64 

1 

56 

18 

8 

16 

28 

60 

1 

27 

27 

23 

17 

1 

16 


6 

1 

10 

18 

7 

9 

• • ! 


7 

9 

10 

o 

6 

1 

1 

• • 

2 

1 

6 


THE FIBULA. 

This bone ossifies from three centres, one for the shaft and one for each end. 

The shaft. — The centre for the shaft begins to appear at about the sixth week 
of foetal life. At birth the bone is distinctly seen. 

Proximal epiphysis of the fibula.— In our series of cases this epiphysis was 
seen at the age of 2 years in the case of girls and at the age of 4 years in the case 
of boys. 

Union was seen in both boys and girls at the age of 14, the majority ages 
being 16 in both sexes. 

Paterson found the majority agc.s for fusion in girls and boy,s respectively as 
16 and 18 years. Flecker curiously found them both a year later. His total 
number examined in this series is not, however, very large. 


Table L. 


The 2 iroximal epipdiysis of the fibula. 


Age. 

Number of 
girls 

examined. 

Number of 
boys 

examined. 

Appearance 
of centres 
in girls. 

Appearance 
of centres 
in boys. 

Fusion of 
centres 
in girls. 

Fusion of 
centres 
in boys. 

.\t birth. 

3 

3 





Under 

I 




’ ’ 1 

' • 

1 year. 


3 




, . 

1 

5 

4 





2 

6 

12 

i ; 




3 

4 

3 

1 1 



• • 

4 , 

1 

4 

1 1 

8 1 

4 j 

4 

1 
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Table L — conoid. 


Ago. 

Number of 
girls 

e.xamincd. 

Number of 
boys 

c.\amined. 

Appearance 
of centres 
in girls. 

1 

Appearance 
of centres 
in boys. 

Fusion of 
centres 
in girls. 

1 

i Fusion of 

I centres 

1 in boys. 

1 

5 

1 

7 

5 

6 

4 



6 

5 

7 

4 

3 



7 

7 

20 

7 

18 

, , 

« . 

8 

9 

33 

9 

32 

, , 

, , 

14 

27 

25 

23 

24 

4 

1 

15 

19 

64 

10 

62 

9 

2 

16 

28 


■ 9 

38 

19 

12 

17 

1 


, * 

9 

1 

7 

13 

7 



3 

7 

7 

19 

2 

6 : 

• • 

'■ 

2 

6 


The distal epiphysis op the fibula. 

This centre was found to appear late during the first year of life in both sexes. 
It was present in a female child of 7 months. Union of the centre with the shaft 
was found at the age of 13 in females and 14 in males, the majority ages being 15 
in females and 16 in males. 

Paterson and Flecker both agree on 17 being the majority age of union in bp^- 
In the case of girls, Paterson gives the figure of 16, while Flecker gives 14. He 
shows, however, a very small number of cases to support this figure, twenty-six in 
all including the ages of 14 to 17. 


Table LI. 


The distal epiphysis of the fibrda. 


Age. 

Number of 
girls 

examined. 

Number of 
boys 

examined. 

Appearance 
of centres 
in girls. 

Appearance 
of centres 
in boys. 

Fusion of 
centres 
in girls. 

Fusion of 
centres 

in boys. 

At birth. 

3 

1 3 




' • « 

Under 

5 

3 

2 



•• 

1 year. 

1 

1 

3 

4 

I 3 

2 

.. 

•• 

2 

7 

8 

! 7 

6 

. . 

' ' 

13 

20 

26 

19 

26 

1 

9 

14 

27 

25 

18 

23 

9 

0 

21 

6 

0 

15 

19 

64 

2 

58 

17 

16 

28 

50 

2 

29 

26 

17 

1 

16 


10 

1 

18 

7 

9 

• • 


7 

6 

19 


6 


■ 

2 
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The patella. 

The centre for the patella was seen in one out of three boys aged 3, and 
fifteen out of nineteen aged 7. It was constantly present from the age of 8 
onwards. In the case of girls the patella was constantly present from the age 
of 4 onwards. 

A double centre of ossification was sometimes seen in this bone. 

Two cases were seen in this series of bipartite patella. The smaller component 
as usual was present at the supero-Iateral aspect. 


The fabella. 

No true fabella was seen in this series — that is to say a sesamoid bone in the 
gastrocnemius tendon presenting an articular surface with the posterior surface 
of the lower end of the femur. Two such cases have been seen by the author in 
the course of routine work. 

A sesamoid bone in the gastrocnemius tendon was frequently met with and 
is a commonplace in skiagrams of adult knee joints. 


Table LII. 


The patella. 


Age. j 

1 

Number of 
girls 

examined. 

Number of i 
boys 1 

examined. ^ 

Appearance 
in girls. 

Appearance 
in boys. 

At birth. 

3 1 

3 

. . 1 


Under 

1 

a 1 

j 


1 year. ' 




• • 

1 

5 

' 4 1 



2 

6 

12 1 

1 . • 


3 

4 

1 3 


i 

4 

4 

1 9 1 

4 

3 

5 

1 7 

1 5 1 

7 

6 

6 

5 

7 

5 

3 

1 

7 

19 

7 

13 

8 

9 

33 

9 

33 

9 

10 

16 

10 

16 


The tarsal bones. 

All of the three cases of boys and girls examined at birth showed the presence 
oi the calcaneum and talus. ^ 


in 


In one out of three girls examined the cuboid 
all the other cases in both boys and girls. 


was not seen ; it was present 



316 A Study of Ossification as Observed in Indian Subjects. 

The internal cuneiform was seen at birth in one out of tliree girls and two out 
of three boys. 

The external cuneiform was seen in one out of five girls under 1 year. It 
Avas present in ail the girls examined at the age of 3, and six out of seven boys 
aged 4. 

The middle cuneiform bone was seen in one girl out of five under tlie age of 
1 year and was constantly present in girls aged 3. In boys it was seen in six out 
of eight aged 2, and all the cases examined aged 4. 

The navicular bone is usually the last of the tarsal bones to appear. Though 
it was seen in one out of five girls under 1 year, it Avas not constantly seen till the 
age of 3. In boys, four out of eight aged 2 shoAA'cd the bone. 


Table LIII. 


The navicular. 


Age. 

1 

Number of 
girls 

examined. 

Number of 
boys 

examined. 

1 

Appearance 
' in girls. 

Appearance 
in boys. 

At birth. 

' 3 

3 


• • 

Under 

1 6 

1 3 

1 

• • 

1 j’ear. 

4 

3 

, 1 

0 

2 

7 i 

i 8 

1 3 

4 

3 

4 

5 

4 

4 

4 

4 

7 

4 

6 

5 

6 

5 

1 

1 

1 « 

1 5 


Table LIV. 


The cuboid. 


Age. 

Number of 
girls 

examined. 

Number of 
boys 

examined. 

Appearance 
in girls. 

1 

Appearance 
in boys. 

At birth. 

3 ” 

1 

i 3 ' 

2 ' 

3 

Under 

1 vear. 

5 

1 

3 

4 

3 

1 

4 

3 

3 

4 

2 

7 

8 

7 

8 

3 

4 

6 

4 

6 

4 

4 

I 7 

1 

4 

7 
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Table LV. 


The internal cuneiform. 


Age. 

Number of 
girls 

examined. 

i 

Number of 
boys 

e.xamined. 

1 

Appearance 
in girls. 

1 

Appearance 
in boys. 

At birth. 

3 

1 

3 

1 

0 

Under 

5 

3 

3 

0 

1 year. 

1 

4 

3 

3 

2 


7 

S 

7 

4 

3 

4 

5 

4 

4 

4 

4 

7 

4 

7 


Table LVI. 

The middle cuneiform. 


Age. j 

1 

Number of 
girls 1 

examined. 

Number of ' 
boys 

examined. | 

1 

! Appearance | 
1 in girls. 

i 

1 

[ Appparance 

1 in boys. 

At birth. 

■3 

3 



Under 

1 year. 

6 

2 

1 

• • 

1 

4 

3 

0 


2 

7 

8 

2 

6 

3 

4 

6 

4 

3 

4 

4 

7 

4 

7 

5 

6 

5 

6 

5 


Table LVII. 


The external cuneiform. 


Age. 

Number of 
girls 

examined. 

Number of 
boys 

examined. 

Appearance 
in girls. 

Appearance 
in boys. 

At birth. 

3 

3 



Under 

5 

3 

i 


1 year. 





1 

4 

4 

2 

2 


7 

8 

1 

2 

3 

4 

5 

4 

2 1 

4 

a 

4 

(i 

7 

3 

i 

4 

6 

6 

5 
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The apophysis op the calcaneum. 

The apophysis of the calcaneum was seen to have appeared in two girls aged 
6 and two boys aged 7, the majority age for girls and boys respectively being 7 
and 9 years. 

This centre is often fragmented and irregular in appearance. 


Table LVIII. 


The a'popliysis of the calcaneum. 


Age. 

Number of 
girls 

examined. 

» 

Number of 
boys 

examined. 

Appearance 
in girls. 

Appearance 
in boys. 

Fusion 
in girls. 

Fusion 
in boys. 

G 

5 

0 

2 

• 



7 

7 

19 

4 

2 



8 

9 

32 

8 

8 

. . 


9 

10 

15 

10 

7 

•• 



17 

41 

17 

26 

.. 


11 

4 

44 

4 

36 

io 


12 

21 

G6 

11 

64 

1 

13 

20 

26 

14 

24 

6 

2 

14 

27 

25 

5 

20 

22 

5 

15 

19 

64 


40 

19 

24 

10 

17 

18 

28 

1 

. 7 

50 

16 1 
9 

•• 

13 

28 

1 

7 

37 

16 

9 

19 

2 

6 1 
1 



2 

0 


The metatarsals. 

The mode of ossification of the metatarsals is very similar to that of the 
metacarpais. The first metatarsal behaves in exactly the same way ,1® 
corresponding metacarpal, and centres for the second, third, fourth, and h i 
metatarsals appear in exactly the same way. The primary centres in each case, 
as in the metacarpais, appear round about the ninth week of foetal life. 

The centres for the epiphyses of the metatarsals appeared at an average age 
of 3 in girls and 4 to 5 in boys. The first metatarsal seemed to appear rather 
earlier. ' 

Union of the epiphysis with the diaphysis in the metatarsals was seen to ta ’e 
place at an average age of 14 to 16 in girls and 16 to 18 in boys. 

A separate distal epiphysis for the first metatarsal was seen in only one out 
of six hundred cases in a boy aged 10. 
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TjVblb LIX. 


The metatarsals. 


Age. 

1 

Numljer ^ 
of girls 
examined. 

Number 
of boys 
examined. 

Appeaeance in oibls. 

Appeaeanoe in hoys. 

^ Rewabks. 

1 

I. 1 

1 

II. 

III. 

IV. 

V. 

1 

1 

1 

II. 

III. 

1 ; 

IV. 

1 

1 

0 

7 

8 

1 

1 

1 



1 

1 

1 

1 

1 

1 


3 

3 

5 

3 

3 

3 

2 

.. 1 

4 

1 

1 

1 

1 

No centre had 

4 

4 

7 

4 

4 

4 

4 

.3 

7 

5 

3 

3 

1 

appeared 

5 

6 

4 

6 

6 

6 

6 

5 

4 

‘ 4 

4 

3 


under 2 

6 


0 

5 

o 

ij 

5 

5 

G 

5 

4 

4 

4 

years. 

7 



* • 


" 



17 

17 

17 

17 

17 



Table LX. 

The metatarsals — union. 


Age. 

Number 
of girls 
examined. 

Number 
of boys 
examined. 

Fusion is qiei.s. 

Fusion in iiOY.s. 

I. 

11. 

III. 

IV. 

V. 

I. 

II. 

in 

IV. 

V. 

12 

21 

64 

3 

3 

3 

3 

3 

2 

3 

3 

3 


13 

20 

25 

6 

5 

5 

6 

5 

1 

3 

3 . 

3 

, , 

14 

27 

25 

18 

18 

IS 

18 

16 

2 

4 

4 

4 

2 

15 

19 

64 

17 

17 

17 

17 

17 

12 

16 

14 

14 

9 

16 

28 

50 

27 

27 

27 

27 

27 

29 

33 

33 

33 

30 

17 

1 

16 

1 

1 

1 

1 

1 

11 

13 

14 

14 

11 

18 

7 

9 

7 

7 

7 

V 

7 

9 

9 

9 

9 

9 

19 

2 

6 

2 

2 

2 

2 

2 

6 

6 

0 

6 

6 


The tarsal phalanges. 

. These again ossify in exactly the same manner as the phalanges of the hand. 
The primary centres for the ungual phalanges appear first at the eleventh to the 
twelfth week of fcetal life. Those for the first row appear from the fourteenth to 
the sixteenth week. In the case of the middle phalanges of the second and third 
toe, ossification commences about the sixth month and those for the fourth and 
fifth toes, a short time later. The ossification for the fourth and fifth toes in 
the middle and terminal phalanges is frequently delayed till after birth. The 
epiphyseal centres in the case of the proximal phalanges appear between the first 
and third year in girls and between the second and fourth in boys. They fuse 

with the shafts at between 14 and 15 in the case of girls and 16 and 18 in the case 
of boys.. 
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The epiphyses for the middle phalanges appear at between the ages of 3 and 
■1 in girls and boys. They unite at between the ages of 14 and 15 in girls and 
16 and 17 in boys. 

Tile epiphyses for the terminal phalanges appear at between 4 and 6 in both 
girls and boys. They fuse at between the ages of 13 and 14 in girls and 15 and 17 
in boys. 


Table LXI. 


The. phataufjes (feet). 


Age. 

Number of 
^ girls 

examined. 

Number of 
boys 

e.xamined. 

Appearance 
in girls. 

Appearance 
in boys. 

1 

3 

Proximal. 

4 

1 2* 

0 

2 

7 

8 

2* 

2* 

3 

4 

4 

■if 

3t ♦ 

4 

4 

7 

4 

7 

5 

0 

4 

G 

4 

0 

c 

C 

6 

5 

2 

7 

Middle. 

8 



3 

4 

4 

1 

2f 

1 All 


4 

4 

7 

! 

3t 

1 All 

i ’ 

6 

6 

4 

6 

4 

6 

5 

6 

5 

5 


Terminal. 


2 

1 

7 

8 

.. 

• • 

3 

4 

4 

• . 

• • 

4 

1 

4 

4 i 

1 

4 

2 

5 j 

6 

4 

6 

3 

6 

5 

6 

5 

3 


*■ Except great and little toes. ■ 
f Except 4th and 6th digits. 


t Except little toe iu one case* 

§ Except let, 4th, and 6th digits 
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Table LXII. 


The phalanges {feet). 


1 

Age. 1 

1 

Number of 

I girls 

1 examined. 

1 

1 

Number of 
; boys 

examined. 

Fusion ■ 
in girls. 

1 

1 Fusion 
iu boys. 

■ 12 

21 

Proximal. 

64 

1 


13 

20 

25 

5 

2 

14 

27 

25 

IS 

2 

15 

19 

64 

17 

10 

16 

28 

60 

28 

30 

17 

1 

16 

1 1 

10 

18 

7 

9 

! 7 

9 

19 

2 

6 

2 

6 

12 

21 

Middle. 

64 

5 


13 

20 

25 

7 

i 

14 

27 

25 

21 

3 

15 

19 

64 

17 

16 

16 

28 

50 

28 

36 

17 

1 

16 

1 

13 

IS 

7 

9 

7 

9 

19 

2 

6 

2 

6 

12 

21 

Terminal. 

64 

6 


13 

20 

25 

11 

2 

14 

27 

25 

25 

6 

15 

19 

64 

17 

23 

16 

28 

50 

28 

35 

17 

1 

16 

1 

13 

18 

7 

9 

7 

9 

19 

2 

6 

2 

6 


Elecker has desciibed the os vesalii as the non-united epiphysis for the 
tuberosity of the fifth metatarsal bone. We cannot agree with this view. The 
os vesalii seen in our series was always proximal to this tuberosity. This is in 
agreement with Koehler, and also with Baastrup (1922). 

The epiphysis at the base of the fifth metatarsal was found in two positions, 
in some it lay laterally and in others almost at the tip. Bractures are often found 
here, but as all our cases examined were done especially with a view to investigating 
ossification and not as a result of an injury, this has been rided out. With regard 
to the more proximally placed os vesalii, the description which I take the liberty 
of quoting from Koehler {Icc. cit.) is illuminating. 

‘ At the proximal end of the fifth metatarsal bone there occur two epiphysial- 
like forms. (1) The “ apophysis ”, a frequent, perhaps constant, scale-like epiphysis 
J, MR 21 
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at tlie lateral plantar jiart of the tuberosity of the fifth. Its ossification begms 
in the tendon of the peroneus brevis nuiscle, (2) The proximal part of tlie 
tuberosity of the fifth lias occasionally a certain independence with a special 
ossification centre. Occasionally there occurs an epiphysial-like terminal form, 
which in tliree cases proved at the autojjsy to be not epiphyses at all, but 
independent bones, the os vesalianuni tarsi. The tuberosity of the fifth metatarsal 
bone corresponds nioqrhologically, phylogenetically, and ontologically with the fifth 
os tarsali that has disappeared in the distal row, and the os vesalianum is to be 
regarded as an atavistic from of the fifth os tarsali. The fact that the os 
vesalianum is found so seldom (although it occurs more frequently than is generally 
believed) leads one to think that the fifth os tarsali disappears in an earlier stage of 
development. With such a theory agrees also the fact, that a fifth os tarsali is found 
only in amu'a, reptiles, and in embry'onic life of the lowest classes of the mammalia. 
The theory is supported by the varying position of the bones in the early stages of 
the human embryo. Occasionally the os vesalianum and the above-mentioned 
apophysis is taken for a fracture of the tuberosity of the fifth metatarsal. The 
history and the Rontgen pictures must decide the dift'erential diagnosis. The 
usual criterion advanced for determining real bones, namely, their bilaterality, does 
not assist us to a correct diagnosis.’ 
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APPENDIX. 


Age. 

Anomaly, accessoiy ossicle, or unusual 
epiphysis met with. 

Females 

(number). 

Males 

(number). 

8 

Bipartite patella . . 


1 


Accessorj' centre for the tip of the lateral malleolus 

.. 

1 


Accessory centre for the tip of the medial malleolus 

2 

• • 


1 

Os vesalii 

2 

• f 

10 

Accessory centre for the tip of the lateral malleolus 

• • 

1 


i 

Accessory centre for the tip of the medial malleolus 

3 

6 


Accessory centre for the tip of the base of the Vth 
metatarsal. 

3 

! 


Os navioulare accessorius 

1 


11 

Accessory centre for the tip of the medial malleolus 

1 

5 


Accessory centre for the ulnar styloid process 

1 

2 
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NOTES ON A NEW STRAIN OF ACTINOMYCES OBTAINED 

BY BLOOD CULTURE. 


BY 

C. C. BASU, 

Department of Pathology, Carmichael Medical College, Calcutta. 

[Received for publication, April 29, 1937.] 

Source. — The strain was obtained by blood culture from a patient, with high 
fever and patches of bronchopneumonia in both the lungs. The case was re- 
ported by Ghosh (1936). The blood culture was done on the ninth day of 
disease. 

Cultural reactions. — The organism grows easily in all artificial media, under 
aerobic conditions, at ordinary room temperature and in the incubator. 

Nutrient agar . — Dull white colonies of varying size, strongly adherent to the 
surface of agar, due to the mycelia growing into the substratum. 

Glucose agar. — Similar to growth on nutrient agar, but shows some wri nkli ng 
on the surface of the colonies in six days. 

Blood ayar.— Similar to growth on nutrient agar but the colonies are smaller. 
No haemolysis. 

Sytitketic ayar.-Greyish-green aerial mycelia very loosely attached to the 
surface, becoming brown in three days. 

Egg medium. — Thick wrinkled skin, becoming greenish in six days. Aerial 
mycelia not formed in moist media but starts forming when the medium becomes 
dry. Four per cent glycerine added to the medium inhibits the growth of the 
organism. 

Potato. — Heaped up wrinkled greenish mycelia covered with white powdery 
growth, becoming brown in 15 days. 

Starch oyar.— Copious aerial mycelia formed. Shows white powdery growth 
in 48 hours, slightly adherent to the surface, later on becoming brown (Plate NTT 
fig. 1). 

Gelatine slab. — ^No liquefaction. Greenish wrinkled growth on the surface 
none in the depth. ’ 

Tellurite medium. — Growth scanty, colonies slightly dark. 

MacConkey agar. — No growth. 

J, MR 
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Glucose bru(/i. —SmuW pufT-ball-Hke growth at the bottom of the tube. When 
planted ou iloating pieces ot cork in the broth flask, a greenish felted mass covered 
with a wliitish ])owdery growth is seen in a week to ten days. 

Liliiius inil/c. Slightly acid in five days, strongly acid in eight days. Milk 
is digested and the medium looks a clear red fluid with a slight deposit at the 
bottom. At the same time a thick white ring, slightly green at the edges, 
forms on the surface of the medium. 

Sugar reactions. — Lactose, saccharose, mannite, and maltose are not fermented. 
A very slight acidity occurs in glucose in seven days. 

Other biochemical reactions. — ^Methylene blue, slightly reduced, becomes greenish 
in three days. Methyl red slightly positive. Nitrites formed from nitrates. 
Ammonia formation slight. ILS not formed. Amylase and catalase formed. 
Indol a bare trace in seven days. 

Morphology. — Smears from young agar cultures show Gram-positive branching 
filaments, measuring 0'2/a to 0'5/a in thickness and are not acid-fast. Smears from 
old agar and broth cultiu'es show Gram-negative or partly Gram-positive and 
partly Gram-negative filaments. Beaded filaments are also seen, the beads are 
Gram-positive and the intervening filaments Gram-negative. No acid-fast 
‘ spores ’ are seen in smears made from agar or blood-agar cultures. Smears 
from starch and synthetic agar cultures, however, show acid-fast ‘ spores ’. 
Impression preparations (Plate XII, fig. 2), made from a four-day-old culture 
on rice agar, show the mode of formation of these ‘ spores ’. Such preparations 
show a large number of beaded filaments, a good number of which are acid-fast. 
As the cultures become old and the growth becomes brown, smears show acid- 
fast coccoid ‘ spores ’ in a free state with a few stray filaments, which are not 
acid-fast. The ‘ spores ’ are slightly oval measuring about r2/A X 0'6/a. They 
are acid- and alcohol-fast. They are not decolorized by 25 per cent sulphuric 
acid in one minute, and a good proportion is not decolorized in five minutes. 
They have a tough coat, are not wetted by water, and are stained veiy faintly 
by ordinary stains. They do not take Gram’s stain as gentian violet cannot 
penetrate through the outer coat. They are more heat-resistant than the 
filaments. The filaments are killed at 56°C. in half an hour, but some of the 
granules can stand 80°C. for five minutes. Boiling for five minutes kills them 
all. When planted on agar, they germinate, and branching filaments can be 
seen growing out of these granules. On germination the ‘ spores ’ cease to be 
acid-fast and become pervious to all dyes. 


Animal inoculation. 

Intravenous, subcutaneous, and intrap eritoneal inoculations into rabbits 
produced no lesions. Intratesticular injections of broth culture did not give any 

result. 

, Nomenclature. 

This organism appears to belong to a new species as it differs from all the 
species described by Bergey (1930), under the head of species pathogenic to 
animals. The no eworthy point about the organism is the formation of aerial 
mycelia on synthetic and starch agar, egg and potato and subsequent formation 



Plate XII. 



Ftg. ] 

Starch agar 7 daj s. 


Actinomyces sangumis n. sp. Basu. 



Fig. 2. 

Impresaion preparation of 4- days old culture on rice agar stained 
by Ziohl and Neelsen method. 
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of acid-fast spores, while cultures on nutrient agar and blood agar give rise 
to vegetative hyphce only. Actinomyces have been known to metastase in 
distant organs but so far I have not come across the record of any case of 
septicjemia produced by actinomyces with the probable exception of one 
reported by Scudder (1932). Unfortunately no detailed study of the organism 
has been published by the author. From the fact that the present organism 
was isolated from blood I propose to place it under a new species to be called 
Actinomyces sangtdnis. 

Cultmres of the organism were sent to Dr. E. St. John Brooks, Curator of 
the National Collection of Type Cultures, Lister Institute, London, who very 
kindly sent it to Miss D. Erikson of the London School of Tropical Medicine 
and Hygiene for opinion. She is also of the opinion that this organism does not 
agree exactly with any pathogen described in literature. Her note is appended 
to the paper. 


Berqey, D. H. (1930) 
Ghosit, D. P. (1936) 
ScuDUFE, S. A. (1932) 
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NOTE ON ACTINOMYCES SANGUINIS N. SP. BASU. 

BY 

D. ERIKSON. 

From the description of the author and confirmatory evidence obtained by 
study of the specimen sent, this organism belongs to Group I ^rskov : ‘ Sporo- 
genous fungi, the spores growing into a unicellular mycelium which shows no 
spontaneous division 

Within this group the organism appears to come under Section A : ‘No 
soluble pigment on protein media, proteolytic action weak or absent ’ (Erikson). 
It is a remarkable point that gelatine is not liquefied and in this respect it 
resembles A. liorton (N. C. T. C. No. 600), but differs from this strain by its much 
more abundant growth on synthetic media. 

The acid-fastness of the spores, in contrast to the non-acid-fastness of the 
vegetative hyphee, is more marked on synthetic media. This phenomenon, 
however, does not seem to me to merit specific ranlc, since I have found the same 
thing to obtain with several of my presumedly acid-fast strains, and it has been 
pointed out by Lieske that there is always a general tendency among the 
actinomyces for the quality of acid-fastness to be retained more specifically by 
the spores. 

The abundant greyish-green aerial mycelium produced on synthetic media 
brings this form nearer some of the soil strains, cf. A. lipmannii Waksman, from 
which, nevertheless, it differs by its poorer proteolytic properties. 

As far as I know, this strain does not agree exactly with any pathogen 
described in the literature and consequently merits careful description. 
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A STUDY OF M. LEPRJE MURIS IN TISSUE CULTUEES 
AND IN CHICK-EMBEYO MEDIIBI. 


BY 
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AND 
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[Received for publication. Slay 25, 1937.] 

Introduction. 

"Workers or the bacteriology of leprosy may be divided into three main, 
groups made up as follows ; — 

1. Those who have not been able to isolate any organism from leprous 

lesions. 

2. Those who have isolated from leprous lesions an organism which is 

under certain conditions acid-fast and under other conditions not 
acid-fast. 

3. Those who have isolated from leprous lesions organisms which are 

pe:sistently acid-fast. 

Regarding the first group, which includes the present writers, we need say 
nothing except that it is by far the largest of the three groups. 

The theories of the second group were apparently originated by Barrinikow in 
1899 but the chief exponents of this theory have been Kedrowsky and Bayon. 

Kedrowsky has advocated these views from 1900 till the present time and has 
produced experimental evidence in support of them. As early as 1900 he isolated 
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an acid-fast diphtheroid and observed the loss of acid-fast properties of the organism 
in old cultures and the change of these non-acid- fast organisms into acid-fast 
organisms when inoculated into rabbits. He was of the opinion that the acid-fast 
property was acquired only in the body. In 1910 he isolated non-acid-fast diph- 
theroids from a skin nodule and was able to change them into acid-fast types by 
inoculation into guinea-pigs and rabbits. Kedrowsky (1928) cites experiments to 
show that with the changes in the media and laboratory environment diphtheria 
and diphtheroid bacilli could be changed into thread fungi, and that tliread fungi 
could be changed into organisms resembling diphtheroids. From these experiments 
and from his previous work of converting non-acid-fast organisms isolated from 
leprous lesions into acid-fast ones and vice versa, he concludes that the leprosy 
bacillus when placed in unfavourable surroundings can undergo considerable changes, 
that these changes may cause the bacillus io lose its acid-fast property and to 
be changed into a thread fungus closely resembling the ordinary actinomyces. 
According to Kedrowsky, Hansen’s bacillus as we know it represents only one of 
its ‘ states of being ’. 

Kedrowsky’s chief supporter has been Bayon (1911) who reported similar 
findings. Other workers, who have isolated facultative acid-fast bacilli from leprous 
lesions, include Williams (1911), Liston and Wilhams (1912), Johnston (1917), 
AValker (1929), AValker and Sweeney {1935a and 6), Vaudremer, Sezary and Brun 
(1932). Vaudremer and Brun (1935), Lowenstein (1935), Salle (1934), and 
Kriz (1936). The organisms isolated by these workers by various methods 
and on various media have been chiefly diphtheroids, strep tothrices, and coccoid 
organisms. 

The third group of workers has isolated from leprous lesions organisms which 
are persistently acid-fast. This group includes such workers as Clegg (1909), Duval 
(1910), Twort (1910), AVlierry (1930), Timofejewsky (1929), McKinley and Soule 
(1932), Soule and McKinley (1932). McKinley and Verder (1933a), and Soule (1934). 
Most of these workers do not consider that the facultative acid-fast bacilli isolated by 
the second group are really the bacillus of leprosy. Special mention may be made of 
the work of Duval, Timofejewsky, hfcKinley and Soule, Soule and McKinley, and 
McKinley and Verder. These workers have during the last few years by modern 
bacteriological methods of various kinds isolated from leprosy lesions bacilli which 
are persistently acid-fast. Soule and McKinley claim to have maintained their 
acid-fast organism through 26 generations over a period of two and a half years 
without ever observing any change in morphology or staining reactions of the 
organisms. Duval (1934) also has studied the morphology and staining_ reactions 
of*^ bacilli in pieces of leproma seeded on suitable media over a period of six 
months, and found only minor changes in morphology and no changes in staining 
reaction. 


Media containing living tissue. 

The findings of Salle (loc. cit.) and AValker and Sweeney (1935a) have once niore 
raised the question as to whether the organism of leprosy is persistently acid- os^ 
under all circumstances or is only a facultative acid-fast bacillus. These woi v ^ 
have in tissue cultures and in minced chick-tissue medium grown lacii a 
acid-fast bacilli from lesions of human and rat leprosy. AA'’e therefore pi P 
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in this paper to quote the publications of other workers, and to give details 
of our own work on the use of these media for the cultivation of the leprosy 
bacillus. 

The possibility of the application of tissue-culture methods to the problem of 
the culture of the bacillus of leprosy attractecl.some attention during the last twenty- 
five years. The first attempt to follow this line of work was made by Zinsser and 
Carey (1912). Similar work was done by Fraser and Fletcher (Fraser, 1914). The 
first two workers reported multiplication of bacilli, but the second two failed to 
verify this. With recent improvements in tissue-culture technique, the matter 
has been studied again by Friedheim, Timofejewsky, Soule, and Salle. The findings 
of these workers are summarized later. 

Media prepared with minced chick-embryo have also been used for the 
cultivation of the bacillus of leprosy. The first reference on the subject is 
contained in the annual report for the year 1932 of the Surgeon-General of 
the Public Health Services of the United States. Various workers including 
McKiidey and Verder, Soule, Walker and Sweeney, and Holt (1934) have tried 
to grow the leprosy bacillus in this medium with varying results which are 
quoted later. 

During the last three years we have in this department been experimenting 
with similar methods in the isolation of the bacillus of leprosy. The work described 
in the present paper has been done chiefly by one of us (D.) during the last year but 
the other worker has kept in close touch with the work and has verified the findings 
which are in complete agreement with the unpublished findings of previous work 
done along these lines by himself personally. AVe have preferred to use the organisms 
of rat leprosy for this work because rat tissues and embryos are easily obtainable 
and also because the genuineness of any organisms isolated can be proved by animal 
inoculation. In this paper we propose to describe our attempts to study the rat- 
leprosy bacillus in tissue culture and minced tissue medium using emulsions from 
spleens of rats suffering from rat leprosy experimentally produced. The emulsions 
used were always rich in acid-fast bacilli and in some of the experiments the 
emulsion was treated with 5 per cent sulphuric acid for five minutes to kill any 
contaminating organisms, and then neutralized. 


Tissue culture. 

The following results have been reported : — 

1. No growth of bacilli obtained. Fraser and Fletcher (Fraser, he. cit.). 

2. Growth of acid-fast organism. Timofejewsky [he. cit.) claims to have 

obtained multiplication of the leprosy bacilli in cultures of fragments 
of leprous nodules planted in human and rabbit plasma and extract 
of human embryo. The tissues died off after a few weeks but the 
bacilli increased for a time even after the tissue died. M'hen the 
bacilli from such old tissue cultures were transferred to cultures of 
healthy human tissue and of leucocytes, multiplication of these 
bacilli was obtained. The only form of bacillus seen throughout the 
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experiments was the acid-fast rod often granular. Soule Qqg. cit.) 
obtained slow but definite growth of acid-fast organisms. 

3. Facultative acid-fast organisms grown. Salle {he. cit.) isolated mixed 
cultures of acid-fast organisms and diphtheroids four times out of 
six trials with human-leprosy material and once out of two trials with 
rat-leprosy material. 

His method was as follows : He took chick-embryo tissue, immersed it in an 
emulsion made from the leprous lesions and then cultured the tissue in Carrel flasks 
containing heparinized guinea-pig plasma and chick-embryo extract. A growth 
of acid-fast and non-acid-fast organisms was obtained, and later this was trans- 
ferred to chick-embryo medium, and to ordinary laboratory media. Salle summarizes 
his own findings as follows : — 

‘ Chick-ti33ue culture.s, prepared according to the method of Carrel, were used as culture mediuni 
for the isolation of the organisms of luiman .and rat leprosy. 

‘ An acid-fast organism and a diphtheroid were isolated from four human nodules and one rat 
granuloma. 

‘ When transfers were made to artificial culture mediums (egg, potato, agar, etc.) only the blue- 
staining diphtheroid multiplied. 

‘ After the primary isolations on chick-tissue cultures, minced chick-embryo medium furnished an 
excellent substrate for the cultivation of the organisms. As with chick-tissue cultures, the minced 
embryo medium gave rise to acid-fast and non-acid-fast organisms. 

‘ A pure culture of the diphtheroid when inoculated into chick-embryo medium gave acid-fast 
and non-acid-fast organisms. 

‘ The diphtheroid and the acid -fast rods are apparently different phases of growth of the same 
organism. 

‘ The organisms were acid-fast in tissues and non-acid-fast on laboratorj' mediums. The tinctorial 
characteristics varied depending on the living condition of the tissues. In vigorous, actively- 
growing tissue the organisms were strongly acid-fast. As the tissue became less vigorous, the 
acid-fast property wms less pronounced and, finally, as the tissue died, only non-acid-fast diphtheroids 
were seen. 

‘ It is believed that human and rat lejrrosy are caused by one and the same organism.’ 

Present ivorJc . — In our experiments pieces of spleen and skin from rat embryos 
were cultured in chick-plasma and rat-embryo extract. It was found on several 
occasions that chick-plasma did not yield a good clot on the addition of rat-embryo 
extract and therefore a drop of chick-tissue extract was added to aid clotting. The 
pieces of tissues before being cultured were infected with the rat-leprosy bacil us 
by immersion for half an hour in the emulsion of bacilli. Some of the pieces were 
cultured without being infected. In the experiments here reported the 
were kept in the incubator at 37°C. for seven days without being sub-culturea. ( 
other experiments we have sub-cultured the growing tissue infected with ^ 
bacilli every three days for a total period of up to one month but we have o 
no proof of multiplication of organisms.) At daily intervals a num^r o i ^ 

cultures were taken out and examined by making smears or sections. Two sme 
were made from each of the cultures examined by means of smeary one r 
tissue itself and the other from the surrounding medium. In all, 47 
thus studied, of these 16 pieces were uninfected and 32 were infected. 

47 cultures, 30 were examined by making smears and 17 by making sectio 
detailed results of the examinations are shown in Table I 
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Table I. 


Results of bacteriological examination of tissue cultures. 



1 

15 UNINFECTED TISSUES. 

32 TISSUES INFECTED WITH M. leprcB muris. 

Daj' of 
exami- 
nation. 

Number 

Kesults. 

Number 

Results. 

Remarks. 


examined. 

A. F. 1 

N. A. F. 

examined. 

A. P. 

N. A. F. 

1st 

3 

, , 

1 

1 

5 

5 1 

1 


2nd 

4 , 

1 


6 

j 

6 

' . . ! 

j 


3rd 

1 

j 



1 9 1 

j 

9 

1 1 

j 

In 1 specimen 
both A. F. and 

N. A. F. 

4th 

3 

' • 


' 5 

1 

4 

i 

• • 1 

In 1 specimen 
neither A. F. nor 
N. A. P. 

6th 

3 

.. 

1 . • 

1 

1 

j 6 

5 

1 i 

In I specimen 
neither A. F. nor 
N. A. F. 

7th 

1 

I 


i 

1 

1 



Total . . 

15 



32 

30 

1 

1 

1 

! 

In one specimen 
both A. P. and 
N. A. F. In 
two specimens 
neither. 


A. F. = Acid-fast bacilli. _ K. A. F. =;= Non-acid-fast bacilli. 


No organisms of any kind were found in the cultures not seeded with rat-leprosy 
bacillus either by means of smears or sections. 


Summary of findings in tissues infected ivith M. leprw muris. 

The following findings were made : — 

1. Acid-fast bacilli were present throughout the seven days in all cultures 

except two which were negative on the fourth and sixth days. 

2. TAere was no evidence of multiplication of acid-fast bacilli in the 

cultures. 

3. The acid-fast bacilli were more numerous in the tissue than in the 

surrounding medium (which was an expected finding) and there was 
no difference in the staining properties of bacilli in the tissues and the 
surrounding medium. 
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4. Noii-acid-fast bacilli were not found at all and in only one culture were 

non-acid-fast organisms seen • these were diplococci and were fouud 
equally in the tissue and in the surrounding medium. Acid-fast 
bacilli were also found in this culture. 

5. The findings of Salle were thus not confirmed. 

Further experiments on staining properties pf bacilli. — To see further whether 
the acid-fast character of the bacilli is lost in dead tissue bacilli were seeded in dead 
tissue. The experiment took the following form : An emulsion rich in acid-fast 
bacilli was prepared from the spleen of a rat in the advanced stage of leprosy. This 
emulsion was treated with 5 per cent sulphuric acid for 15 minutes ; it was then 
centrifugalized without being neutralized and the deposit was taken up in normal 
saline. Pieces of spleen and skin from rat embryos were immersed in this emulsion 
for half an hour and were then cultured in chick-plasma and chick-tissue extract. 
Owing to the acid character of the emulsion used the tissues did not grow. Twenty 
such cultures were examined at intervals of about a week for six weeks by means 
of smears and sections. In all the cultures examined acid-fast bacilli were seen and 
in not a single specimen were non-acid-fast organisms found. The results are shown 
in Table II : — 


Table II. 


Results of bacteriological examination of dead tissue seeded with 



3f. leprce 

muris. 




Results. 

D.ay of 
examination. 

Number 

examined. 

A. F. 

N. A. F. 

8th 

7 

7 


loth 

4 

4 


22nd 

3 

3 


29th 

4 

4 


43rd 

2 

2 


Total 

1 

20 

20 



A. P. = Acid-fast bacilli. 

IST. A. F. = Non-acid-fast bacilli. 


To study the variations in staining characters of the bacilli i g^aon 

any tissues the following experiment was carried out : The drop ot cipcy-p 
a cover-slip was infected with an emulsion containing rat-leprosy ‘ 

chick-tissue extract was next added, and mixed well with the and 

When the plasma had clotted the cover-slip was inverted on a ^ 

sealed with paraffin as in the case of tissue cultures. Eight sue i p 
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examined at intervals of about a week for four weeks by means of smears and 
sections. In all the specimens examined acid-fast bacilli were seen while no 
uon-acid-fast organisms were observed (Table III). 

Table III. 

Results of bacteviological examination of the clot of chick-plasma and 
chick-tissue extract infected with IM. leprse muris. 


Hay of 
examination. 

Number 

cxaiuhicd. 

Results. 

1 

A. F. j N. A. F. 

4th 

2 

2 


Sth 

3 

3 

.. 

13th 

1 

1 


22ik1 

1 

1 


20th 

1 

1 


Total 

8 

8 



A. F. = Acid-fast bacilli. 

N. A. F. = Non-acid-fast bacilli. 


Conclusions. — Thus, working with tissue cultures, we were not able to confirm 
the findings of Salle and Soule regarding the multiplication of the leprosy bacillus 
in the tissue and in the medium or the findings of Salle regarding the difference in 
the staining characters of these bacilli in the living and in the dead tissues. (The 
tissue cultures in our experiments were kept without being sub-cultured for seven 
days, sub-culture after three or four days is e.ssential to keep the tissue living. 
Thus if in dead tissue non-acid-fast forms developed, they should have been 
clearly seen by the seventh day.) 


Minced chick-embryo medium. 

With this medium also different workers have reported different results. The 
results of attempted cultivation of the leprosy bacillus can be grouped as under ; 

1. No organism grown. Holt (toe. cit.) seeded M. lepree on liquid and solid 

media containing chick-tissue but failed to get any growth. 

2. Acid-fast organisms grown. McKinley and Verder (19336) claim to have 

obtained a marked multiplication of bacilli in a few days in this medium. 
The cultures after being grown in this medium were transferred to 
laboratory media and in these media definite micro-colonies of acid- 
fast organisms were obtained. Soule (toe. cit.') confirmed the work 
of McKinley and V(?rder. Out of 26 attempts at cultivation of 
M. leprw m the medium he obtained ‘unquestioned evidence of 
proliferation in 22 instances’. 
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4. Non-acicl-fasfc bacilli were not found at all and in only one culture were 

non-acid-fast organisms seen ; these were diplococci and were found 
equally in the tissue and in the surrounding medium. Acid-fast 
bacilli were also found in this culture. 

5. The findings of Salle were thus not confirmed. 

Further experiments on staining properties of bacilli . — To see further whether 
the acid-fast character of the bacilli is lost in dead tissue bacilli were seeded in dead 
tissue. The experiment took the following form : An emulsion rich in acid-fast 
bacilli was prepared from the spleen of a rat in the advanced stage of leprosy. This 
emulsion was treated with 5 per cent sulphuric acid for 15 minutes ; it was then 
centrifugalized without being neutralized and the deposit was taken up in normal 
saline. Pieces of spleen and skin from rat embryos were immersed in this emulsion 
for half an hour and were then cultured in chick-plasma and chick-tissue extract. 
Owing to the acid character of the emulsion used the tissues did not grow. Twenty 
such cultures were examined at intervals of about a week for six weeks by means 
of smears and sections. In all the cultures examined acid-fast bacilli were seen and 
in not a single specimen were non-acid-fast organisms found. The results are shown 
in Table II ; — 

Table II. 

Results of bacteriological examination of dead tissue seeded with 

M. leprse muris. 


Diw of 

Number 

Results. 

examination. 

examined. 

A. F. 

N. A. F. 

8th 

7 

7 


loth 

4 

4 


22nd 

3 

3 


29th 

4 

4 


43rd 

2 

2 

•• 

Total 

i 

20 

20 

•• 


A. F. = Acid-fast bacilli. 

N. A. F. = Non-acid-fast bacilli. 


To study the variations in staining characters of the bacilli ^'^p®?-^u^„|jjgijiaon 
any tissues the following experiment was carried out : The drop or 
a cover-slip was infected with an emulsion containing rat-leprosy muci i, < 
chick-tissue extract was next added, and mixed well with the 
When the plasma had clotted the cover-slip was inverted on a depre . 
sealed with paraffin as in the case of tissue cultures. Eight such sp 
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The tubes sliowiug uo organisms were discarded ; sub-cultures into fresh 
minced chick-tissue media tubes were made from some of the tubes in the other 
three groups. The results of these experiments are showir in Table IV : — 


Table IY. 


Bacteriological examination of cJUck-embnjo medium needed with 

M. leprae muris. 




Results. 

Details of experiments. | 

i 

1 

1 

1 

Nnniber of 
tubes 

inocuhvted. 

Organisms 
not found. 

1 

Acid-fast 
bacilli only 
found. 

Acid-fast 
bacilli with j 
non-acid- i 
fast j 

organisms. 1 

i 

Xon-acid- 

fast 

organisms 

only. 

1 

A. Ten experiments. Original , 
culture with emulsion con- ' 
t.iining rat-leprosy bacillus, i 

} “ 

15 

21 

1 

1 

27 j 

} 

32 

B. Kve experiments. Kub-cul- 
tures from the tubes of oxperi- | 
ments A showing ackl-fast ( 
bacilli. 

) 

20 

i 

U 

1 

6 i 

j 

3 

C. Two experiments. Sub- 
cultures from the tubes of 
experiments ,4 showing a 
mixture of acid-fast bacilli 
and uon-acid-fast organisms 
(examined daily for seven days). 

1 , 

J 

1 

1 

•• 

S 


D. Two experiments. Sub-cul- 
tures from the tubes from 
experiments A showing nou- 
acid-fast rods and cocci 
(smeaml on the third day). 

' 

20 

. 

•• 

•• 

i 

1 

2.' 


In most of the 21 tubes showing ojoly acid-fast bacilli these r.- '-----— ; 
very scanty and there was no suggestion of multiplication. In 3 fes- 
tubes there was a slight suggestion of multiplication but sub-c-ifr^ris 
verify this. " 

Results of sub-culture. — Forty-nine sub-cultures were made d'r, 
showing acid-fast bacilli. Of the sub-culture 14 showed scarri- A-i'-'t 17.7^^ 
0 showed acid-fast bacilli plus non-acid-fast organisms, and o 
acid-fast organisms, and 26 showed no organisms of any kied. ” ‘ 

- Eight sub-cultures were made from four tubes showinH fc'ii. 
acid-fast organisms. From these sub-cultnres smears wiTe '77777-2'.~^l^~^ 
up to seven days. Smears from all the eight tubes shovj's rr- 
number of non-acid-fast organisms, only a few tubes iccreasr-? 
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scanty acid-fast bacilli. Thus the non-acid-fast organisms found in the oriidnal 
tubes did not change into acid-fast bacilli on sub-culture into fresh media. ° 

Twenty sub-cultures were made from two tubes showing non-acid-fast 
organisms only — in one case uon-acid-fast rods and in the other case non-acid-fast 
cocci._ All the 20 sub-cultures were examined on the third day after inoculation 
and in none of them did the organisms show any tendency to change into 
acid-fast forms. 

Further observation on staining properties op bacilli. 

To see whether there would be any change in the acid-fast character of the 
bacillus if kept in the minced tissue-media for a long time the following experiment 
was undertaken : A tube of this medium containing rat-leprosy bacilli was kept in 
the incubator and observed for two and a half months. Smears were taken at 
weekly intervals, stained and examined for the presence of acid-fast and non-acid- 
fast organisms. Scanty acid-fast bacilli were found till the ninth week, thereafter 
the smears were negative. No non-acid-fast organism was seen at any time. A 
sub-culture from the above tube was made after it had been in the incubator for 
four weeks. The sub-culture was observed for a period of one and a half months, 
smears being taken at weekly intervals. Acid-fast bacilli were found till the fifth 
week, thereafter the smears were negative. No non-acid-fast organism was seen 
at any time. 

Conclusions. 

Thus in the minced chick-tissue medium we were not able to verify the findings 
of McKinley and Vender, Soule, and Salle. We did not observe any multiplication 
of the acid-fast bacilli in this medium and in this respect our findings are similar to 
those of Holt. The bacilli were carried from one tube to another but there was no 
actual multiplication. The growth of the bacillus in alternating cycles of acid-fast 
and non-acid-fast phases was never seen. 

From our experiments we have concluded that the non-acid-fast organisms 
encountered in minced tissue-media are simply contaminants and are not the non- 
acid-fast stage of the leprosy bacillus. From the nature of the work and of tlie 
procedures involved, particularly while working in a dusty city in the tropics, a 
certain percentage of contaminations is unavoidable. 

Summary. 

1. In rat-tissue cultures and in minced chick-embryo medium no evidence ^ 
of multiplication of rat-leprosy bacilli was obtained. 

2. There was no evidence of change from acid-fast to non-acid-fast forms ° 
bacillus, and in the tissue cultures there was no dift’erence in the staining prop 
between the bacilli in the tissue and the bacilli in the surrounding medium. 

3. No change in the staining properties of the bacilli was observed un er 
following circumstances : — 

{a) On death of the tissue culture. 

(6) After seeding bacilli on dead tissues. 
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(c) After seeding bacilli on plasma and embryo extract without any tissue. 
{( 1 ) After seeding and incubation in chick-embryo medium for ten weeks. 

4. The only non-acid-fast orgarrisms found in our preparations were appar- 
ently contaminants and they could not be converted into acid-fast bacilli by sub- 
culture in the presence of living tissue. 

• 5. The finding of Salle that leprosy bacilli are acid-fast only in living tissues, 
and multiply in tissue eultures and chick-embryo medium in alternating acid-fast 
and non-acid-fast forms according to the conditions of the tissue, has not been 
confirmed. 

6. The findings of McKinley and Verder, and Soule regarding the multiplica- 
tion of leprosy bacilli in minced chick-tissue medium have not been confirmed. 
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THE VIABILITY OF LEISHMANIA 

EXCB,ETED IX THE NASAL MUCUS IN 
INDIAN KALA-AZAE. 
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Tn a Drevious communication (Sliortt and Swaminatli 1935), following the 
1 P Ti'A.l-nor onrl 7in [19341 wc rccordcd the finding of Leishinuma donovani in 
rfnalJlS of The material available to as for 

eiaStto has beea small in amount, but we have been able to record the 
presence of L. donovani in six out of fifteen cases examined. 

As Eorkner and Zia (1935) had already shown that in Chinese kala-azar the 
parasites found in the nasal mucus of cases were viable and capable of producing 
Sections in hamsters, both when inoculated mtraperitoneally and when instilled 
SrSasallv it seemed probable that the same findings would be obtained in Indian 
kala-azar!^ To verify this point we inoculated three hamsters intrapentoneally 
with suspensions, in normal saline solution, of nasal mucus of cases of kala-azar, 
in the caL of two hamsters introduced the suspension orally, and in another instilled 
it intranasally as well as introducing it orally. The details of our experiments are 
given below in tabular form. 

It will be seen from the table that a positive result on intraperitoneal inocula- 
tion was obtained in one out of three cases. In one of these the duration of the 
experiment was too short for a satisfactory conclusion. In only one of the three 
cases where the material was introduced by the oral'or nasal route was the micro- 
scopical finding positive in the material used, so that these experiments were not 
very satisfactory. In any case the fact is established that in Indian, as in 
Chinese, kala-azar the parasites excreted in the nasal secretions are viable and 
infective, 
j, mb 


( 341 ) 


2 



Showing details of experiments in which nasal secretion of Jcala-azar cases was used to 

infect hamsters. 
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The human case which gave the positive result is of interest in that it came 
from a district from which kala-azar has not previously been reported. The man, 
who is a native of Malabar, went to Coimbatore to work as a labourer, and 
commenced to get fever about a year after his arrival there. Neither of these' 
districts had previously reported any case of kala-azar. 

Summary. 

L. donovani occurring in the nasal secretion of cases of Indian kala-azar is 
viable and potentially virulent. 
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Much evidence has already been obtained that a close relation exists between 
endemic typhus in men and a similar infection in rats. Strains of the virus from 
both sources have been examined and found to be identical. The rat-flea, 
X. cheopis, has been incriminated as the vector of the infection from rat to rat, and 
is accepted as the transmitter from rat to man. 

In their studies on typhus in the Simla Hills Coveil (19366) and Covell and Mehta 
(1936) have demonstrated that in this endemic area also the rats are infected with 
a typhus virus, and two strains, one from the brains of wild rats, and the other from 
fleas collected from wild rats, have been isolated by them in guinea-pigs. Both 
strains conform to the Xl9 serological type of the disease. 

In the Simla Hills two waves of typhus are usually found each year, each 
composed of a different form of the disease. Patients whose sera agglutinate Proteus 
Xl9 are seen mostly during winter ; those giving agglutination with Proteus XK 
occur just after the monsoon, during the latter half of August, September, and 
October (Covell, 1936a). 

Three types of typhus fever have been observed in India, when classified 
according to the tYeil-Felix reaction. Boyd (1935) has shown that wherever they 

{ 345 ) 
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occur, the majority of cases of typhus XK occurs just after the monsoon, typhus 
X2 and certain X19 types show a maximum incidence in December, while other 
Xl9 cases occur practically throughout the year. In Malaya, where the XK and 
X19 types are also prevalent, cases occiu- throughout the year. They have been 
designated ‘ rural ’ and ‘ urban ’ typhus, for irrespective of their seasonal incidence 
the XK type is invariably contracted in rural, and the Xl9 type in urban, areas. 
The flea, Z. clieopis, is accepted as the vector of the urban form and a larval 
trombiculid mite is suspected to be the vector of the rural form, the rat 
being the suspected reservoir of both forms of infection (Lewthwaite and 
Savoor, 1934a). 

The distinct seasonal variation of the two forms of typhus in this area offers, 
we think, exceptional advantages for investigating the insect vector of the two 
forms. 


An entomological survey of the ectoparasites of wild rats was begun in this area 
in 1935. This has now been completed. With a. view to testing the role of the 
different ectoparasites found on wild rats with the two strains of typhus which occur 
in this area, an endeavour was made to isolate a strain of the XK form from wild 
rats, on the assumption that here, as in Malaya, they are the reservoir of both 
forms of typhus. 


The Weil-Felix reaction with the sera of wild rats, trapped in KasauH and the 
surrounding villages, was therefore systematically carried out from May last year. 
A total of 1,212 sera was examined up to the end 'of February this year, and 
the results are appended in tabular form. It will be seen that in September 
there is a rise in the number of sera giving agglutination with Proteus X19 in the 
1 in 50 dilution. In October, N ovember, and December there is a rise in the number 
agglutinating with Proteus XK in the 1 in 125 dilution. With the exception of two 
sera, all the others which showed agglutination in a higher dilution were hmmolysed. 
Being already in possession of strains of the Xl9 type in guinea-pigs no further use 
was made of those rats whose sera agglutinated Proteus X19 in a dilution of 1 in 50 
or over. Of the two rats whose sera agglutinated Proteus XK in a dilution of 1 in 
250, one unfortunately died shortly after its blood was taken. The other, as well 
as one whose serum was hmmolysed, was investigated further. Eats whose sera 
showed some agglutination in th^e 1 in 125 dilution were not investigated, as this 
was considered too low a titre to be of much significance when nearly 84 per cent 
of all rats show a total or standard agglutination in the 1 in 50 dilution wim 
Proteus XK. 


Rat 2626. — Serum h.-emolysecl. W. F. reaction = X19 — tiace 1 in 1,000. XK trace 1 in • 
This rat was selected as it was trapped in the same house as rat 2625 whose .• 

agglutinated up to 1 in 125 XK. Both rats were heavily infested with mites, h- ■ 
The mites from rat 2626 were emulsified in salme and injected into 
intraperitoneally. Neither pig showed any reaction. The mites from rat -O-u 
•similarly injected into another guinea-pig with negative results. 

Nineteen 0. simla w'ere allowed to feed on rat 2626 for seven clays, on the 8th day tievnc 
emulsifiecl and injected intraperitoneally into a guinea-pig. No reaction. 

A nymph of RMpiceplmlns was found on this rat. After it had fed to repletion, it ^as 
and placed in a test-tube till the adult emerged. The tick was emulsified 
into a guinea-pig. No reaction. 

O ^ ^ * * rt ft T 1 f fTfl * 

The brain ancl spleen of this rat were emulsified separately' and injected into tivo gu 
Neither showed any reaction. 



Results of Weil-Felix reactions on wild rats. 
DILUTIONS. 
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Hat 3421.— W. reaction = XI 0—1 in 25 trace. XK 1 in 250 trace. Ten X. c/jcojjw loinid 

on tliis rat were emulsified in saline and injected into guinea-pig 3421T. The highest 
temperature recorded was 102-8°Ji’. on the 5th day. It was killed on the l.’lth day after 
inoculation. Posl-morttm . — Spleen slightly enlarged and congested. Testes normal. 
Spleen and brain emulsion of this animal were injected into guinea-pios 34211'’2 aiul 
3421 h"3. Guinea-pig 3421F2 showed no reaction. F3 had fever. The temperature rose 
to 103-8°F. on the 5th day, but it was also noted that this animal had an abscess on 
the neck. It was killed and passaged to guinea-pig 3121F4 on the 12th day. This 
animal showed no rcaetion. 

The brain of rat 3421 was emulsified and injected into guinea-pig 3421 B intraperitoneally. 
This- animal showed a temperature of lOS^F. on tlie Gth'day. It was killed on the 
11th day. Post-moriem . — Nothing abnormal seen. The brain and spleen was emulsified 
and injected into 342 IBl. No reaction noted in this animal. 


To determine whether any mutation of the virus would occur iu its passage 
through ail arthropod other than the flea, as well as to investigate their role iu the 
transmissiou of X19 typhus, larvte and nymphs of Ji. simytiinnns as well as mites 
L. bacoti bred in the laborator}'- were fed on guinea-pjgs and rats infected with the 
laboratory strain of typhus Xl9. After varying periods they were emulsified aud 
injected into guinea-pigs. 

(1) Ten nymphs of It. sanguhieits were fed on an infected guinea-pig. Five to seven days after 

engorgement they wore emulsified and injected into guinea-pig 11. N. 1. No reaction, 

febrile or otherwise. 

(2) Twelve larval ticks were fed on the same infected animal as above. Four to six d.ays after 

engorgement they were emulsified and injected into guinea-pig R. L. 2. No reaction. 

(3) Seven larval ticks were fed on white rat 176. Six to seven days after they had engorged 

they were emulsified and injected into guinea-pig R. L. 3. No reaction. 

(4) Fourteen larval ticks were fed on wild rat 2SG2, which was infected in the laboratory with 

the X19 strain. One to seven day's after engorgement they were emulsified and injected 

into guinea-pig R. L. 4. No reaction. 

(5) Ten larval ticks wore fed on a white rat 177. Five to eight days after engorgement they 

were emulsified and injected into guinea-pig R. L. 5. No reaction. 

(6) Twenty'-five mites, L. bacoti, fed on infected guinea-pig 188 FI, were emulsified and injected 

into a guinea-pig ciglit days after feeding. No reaction. 


It might here be mentioned that a batch of fleas C. simla fed on an infected 
white rat under similar conditions, and later emulsified and injected into a guiuea- 
pig, produced a scrotal reaction and fever typical of typhus Xl9. 


At the time when cases of typhus, XK type, were occurring iu the liuinaii 
population, to determine what part, if an)'', fleas played in the transmission or 
the disease, fleas collected from wild rats were emulsified and injected 


gumea-pigs. 

(1) 28-8-36. Wild rat 2960. W. F. reaction = X19— negative. XK 1 in 50 total. IVikl 
rat 2965. W. F. reaction = X19— negative. XK 1 in .50 total minus, 
collected from these two i-ats were emulsified and injected intraperitoneally ° mi.Qop. 
pig 60-65F. Tliis animal showcel a drop in temperature on the 14th day o • 

The highest temperature recorded was 102'“F. It was killed and passaged h 
pigs 60-65F1 and F2. Neither guinea-pig showed any reaction. 

XKImoOtotai. WW» 

Him l!e«a “'"“"J,, " 

these rats were emulsified and injected into guinea-pig 63-64L'. 
temjierature of 103'’]’’. on the 13th day. It was killed the next day and ap i,y 

passaged to guinea-jugs 63-64 FI and F2. F’l showed a donsiderabiO -oss o 
the 8th day. It was killed and jiassagcd to guinea-pigs ^'i Ap other on tbe 

these animals died without .showing any symptoms, one on the 8th an 
17th day. 


(2) -28-8-36. Wild rat 2963. W. F. reaction = X19— negative. 
2964. W. F. reaction =■ X19 — negative. XK 1 iu 50 total. 
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G iiiiiea-j)ig 63-64T<'2 .showed a tyiiieal scrotal reaction and fever on tho 7tli day. It was 
killed and passaged to guinea-pigs 63-G4l!'2A and F2B. Both animals showed a scrotal 
reaction and fever on the 7th day. 

(3) 15-10-36. Wild rat 3225. W. P. reaction X19— negative. XK 1 in 125 trace. Wild rat 

.3228. W. V. reaction X19 — negative. XK 1 in 125 trace. 

Eleven Heas recovered from these rats were emulsified and injected into guinea-pig P. W. 2. 
This animal showed a rise in temperature to 103’2°F. on the 8th day. Owing to 
scarcity of guinea-pigs this animal was not passaged. 

Twenty laboratory-bred A', dicopis fed on these two rats were emulsified and injected into 
"cuiuea-pig P. W. C2 on 21-10-36. This animal showed fever and a typical scrotal 
reaction on the Sth day. 

(4) 18-10-36. ll'ild rat 3251. W. F. reaction = X19— neptivo. XK 1 in ,50 total. Wild 

rat 3252. W. P. reaction = X19 — negative. XK 1 in 50 total. 

Eighteen ileas recovered from those rats were enudsified and injected into guinea-pig P. W. 3. 
This animal showed a marked scrotal reaction on the 7th day with a temperature 
of 104°F. 

(5) 19-10-36. Wild rat 3256. W. F. reaction = X19 — negative. XK 1 in 50 total. Wild 

rat 3257. W. P. reaction -= X19 — negative. XK 1 in 25 std : 13 fleas (11 X. cjieopis 
and 2 C. simla) found on these rats were emulsified and injected into guinea-pig 
P. W. 4. This animal showed a tcmpeniture of ]03'3°F. on the 10th day. It w'as 
not passaged owing to lack of animals. 

(6) 21-10-36. Wild rat 3275. W. F. reaction = XI9 negative. XK 1 in 50 total. Thirty 

fleas collected from this rat were emulsified and injected into guuiea-pig P. W. 5. 

Tills animal showed fever and a typical scrotal reaction on the 9th day. 


Discussion. 


Efforts to isolate a strain of typhus XK from wild rats selected on the results 
of the Weil-Felix reaction to detect naturally infected animals were not successful. 
Covell (19366) obtained a pure strain of typhus X19 when the pooled brains of three 
rats, giving Weil-Felix reactions both to XK and Xl9, were injected into guinea-pigs. 
This strain is now in its 84th passage, and has remained unchanged. Lewthwaite 
and Savoor were successful in isolating two strains of typhus XK from wild rats. 

Attempts to transmit the X19 virus by the agency of ticks, R. sanguineus, and 
mites, L. bacoti, were not successful. There was also no evidence of any mutation 
of the virus having occurred in these arthropods. 

In the last series of experiments it will be seen that on three occasions out of 
six, when fleas collected from wild rats were emulsified and injected intraperitonc- 
ally into guinea-pigs, a scrotal reaction and fever indicative of typhus X19 
were obtained. In the third and fifth experiments of this series, it is very 
probable that if the passages were persisted with, scrotal reactions would also 
have been demonstrated. In the third experiment, clean laboratory-bred fleas 
which were fed on the rats in question acquired infections, as evidenced by the 
scrotal reactions and fever when they were emulsified and injected into a 
guinea-pig. 


It IS unfortunate that it was not possible to space these tests regularly durin" 
the post-monsoon period. This was due to the demand for guinea-pigs to maintain 
four strains of human typhus (XK type) being so great that no animals could be 
spared at the critical time. There is nevertheless enough evidence tbdt infected 
rats and rat-fleas .were.much m evidence at the time. That the reactions were due 
to infections with the virus of typhus X19 may be assumed from the fact that the 
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reactions were caused by the injection of emulsions of fleas which preclude tlie 
scrotal reactions being due to other causes, such as the injection of normal brain 
tissue, rat-bite fever, etc. The duration of the fever and the scrotal reaction were 
also in keeping with infections of typhus XI 9. 

The sera of the rats from which the fleas were collected gave no agglutination 
with Proteus XI 9. Two of them gave agglutination with Proteus XK in a dilution 
of 1 in 125, and of the remainder all but one gave a total agglutination in the 1 in 
50 dilution. Harvey (1936) summarizing the work of Coveil and Mehta on the 
role of the rat-flea in the transmission of typhus in the Simla Hills wants to know 
why the virus isolated from rats and fleas produces agglutinins for 0X19 only, 
while the serum of the rats show agglutinins for OXK. These results cast a 
doubt on the value of the Weil-Felix reaction in detecting infections in wild 
rats, for it is unlikely that the fleas had acquired their infections from other 
rats or another species of rodent, as in one experiment at least it was demon- 
strated that the rats themselves were infected. 

The isolation of strains of the X19 form of typhus from fleas or rats which gave 
no significant Weil-Felix reactions has been the experience of other workers in 
India, Malaya, in certain European countries and America. It thus seems un- 
lilcely that fleas are responsible for the transmission of the XK form of typhus 
here. The indeflnite results obtained by Lewthwaite and Savoor (19316) in 
attempts to transmit typhus (XK type) by fleas under laboratory conditions 
also support this view. 

That no cases of typhus Xl9 occur here during the post-monsoon period when 
fleas X. clieopis are in their maximum numbers on the rats, and have been shown 
to be infected, is remarkable if the human and murine viruses are identical and the 
flea is the transmitter from rat to man. Brumpt (1932), comparing the incidence 
of the disease in man and the infection among the rat population, raises a doubt 
regarding the identity of the two viruses. Cases of the Xl9 form of typhus, how- 
ever, occur in this area during winter, when the number of arthropods is generally 
very scanty. As the flea most probably, does not transmit the infection by its 
bite, perhaps it is some association between man and rat, other than by the 
agency of the flea, which results in an infection. 

That the XK type has been designated ‘ rural ’ in Malaya, where a regional 
distinction exists between this form and the Xl9, is suggestive that a jungle rodent 
is the probable reservoir of the infection. Other than rats, the only rodent iin- 
investigated in India in connection with its role as a reservoir of typhus was tlie 
squirrel, Sciurus palmaris (Shortt and D’Silva, 1936). They showed that there 
was a difference in the Weil-Felix reactions with the sera of squirrels captured m 
Kasauli compared with others from the plains. 

Megaw (1925) suggeisted the wild hare as the probable reservoir of infection. 
Inquiries early this year have elicited the fact that in the cantonment of Sabat u, 
which incidentally produced the largest number of cases of XK typhus last 
hares are very common in the scrub jungle which encroaches close to many o ^ 
barracks and dwelling houses. Under such conditions no special trip m o ' 
jungle need be made for anyone to expose himself to the bites of ectoparasites 
jungle rodents. It is hoped to investigate the role of these rodents in tire 
future. 



R. 0. A. Smith and D. R. Mehta. 


351 


Acknowledgment. 

We wish to express our thanlrs to Lieut.-Colonel E.. E. Bridges, b.a.m.c., 
Officer-in-Charge, Enteric Laboratory, Kasauli, for very kindly supplying us with 
the alcoholized suspensions of Proteus strains for carrying out the Weil-Eelix 
reactions. 


REFERENCES. 


Bovd, J. S. K. (1935) 

Beumpt, E. (1932) 

CovELi,, G. (1936a) 

Idem (19366) 

CovELi., G., and Mehta, D. R. (1936) .. 
IIaevey, D. (1936) 

LEWTtnvAiTE, R., and Savooe, S. R. 
(1931a). 

Idem (19316) 

Megaw, J. W. D. (1925) 

SnoRTT, H. E., and D’Sieva, H. A. H. 
(1936). 


Joiir. R. A. J/. C., 6S, 5, pp. 289-305, 
and 359-367. 

Bull. Acad. Med., 107 , 12, pp. 416r420. 
Ind. Jour. Med. Res., 23 , • 3, pp. 701-708. 
Ibid., . 23 , 3, pp. 713-720. 

Ibid., 23 , 4, pp. 921-927. 

Trap. Bis. Bull., 33 , 12, p. 900. 

Trans. 9th Cong. F. E. A. T. 31., 1 , 
pp. 249-257. 

Ann. Rep. Inst. Med. Res., F. M. S. 

Ind. 31 ed. Gaz., 60 , 2, pp. 58-61. 

Ind. 3Ied. Gaz., 71 , 1, pp. 13-36. 




htd. Jour. Med. Rc,s., 25, 2, October, 1937. 


STUDIES ON TYPHUS IN THE SIMLA HILLS. 

Part VIII. 

ECTOPARASITES OF RATS AND SHREWS WITH SPECIAL 
REFERENCE TO THEIR POSSIBLE ROLE IN THE 
TRANSMISSION OF TYPHUS. 

BY 

D. R. MEHTA, m.sc.. ph.d. (Cantab.), 

Entomologist, Typhus Inquiry, Pasteur Institute of India, Kasauli. 

{Inquiry under the Indian Research "Fund Association.) 

[Received for publication, Juno 15, 1937.] 

It has been pointed out by Covell (1936) that in the Simla Hills, as in Malaya, 
there exist two types of typhus fever, the serum of one agglutinating strains of 
Proteus XK and not X19, whilst that of the other gives the opposite reaction. 
Cases of the XK type of typhus are reported in this area during the latter half of 
August and September, and cases of the Xl9 type during mid-winter and early 
spring. It is probable that the seasonal incidence of the two types of typhus in 
this area is dependent on the prevalence of different arthropod vectors on the 
possible rodent reservoirs of infection at these particular periods. 

The incidence of the XK type of the disease, according to the Malayan 
workers (Anigstein, 1933 ; and other workers), is closely connected with life in a 
rural environment, while the X19 type is found among people living and working 
in urban areas. It seems that the conditions existing in Malaya, have a close 
parallel in the cantonment areas of Kasauli and Sabathu in the Simla Hills, where 
both these forms of typhus have been recorded. Typically urban conditions are 
found in the bazaar sections of these cantonments, where insanitary conditions 
to a greater or lesser degree prevail, due mostly to overcrowding. Rural or semi- 
rural conditions are represented in the military and civil areas where the barracks 
and dwelling houses are scattered over open areas with, in many cases, patches 
of scrub jungle interspersed between such buildings. It will thus be seen that in 
a circumscribed .area, conditions suited to the transmission of both forms of 
typhus exist. 


( 353 ) 
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This report is based on investigations of the ectoparasitic fauna present on 
members of the families Mur idee and Soricidee. The former includes a variety of 
rats and the latter the shrews or musk-rats. The work was considered important 
in view of the fact that rats are the accepted reservoir of typhus in other countries, 
and have been shown to be harbouring a virus identical with that obtained from 
human sources. Moreover, on account of the habits of these animals to live in 
diverse situations, such as in^houses, in the open areas where they burrow, and in 
trees where they build their nests amongst the branches, it was expected that their 
ectoparasites would be fairly representative of both the rural and urban fauna, 
thus afiording the most likely clues to the solution of the arthropod vectors of the 
two forms of typhus. 

Eats jVND shrews trapped at Kasauli and Sabathu. 

A total of 2,451 rodents belonging to the families Muridter^ and SoricidcB^ was 
trapped during the year 1935-36. The majority of these belonged to the common 
dark or brown variety of rats, Ratlus rallus. Considerable variation exists in this 
genus. A large number of decumanus rats was also captured. A fuller account 
of the races of these rats will be given in a separate paper. The other genera of 
the family Muridee trapped include the Indian mole-rat Nesocia bengalensis, the 
short-tailed mole-rat Nesociu liardwichci, the Indian bush-rat Golunda ellioli, 
the common house-mouse Mus umsculus, and the Persian house-mouse Mns 
bactrianus. Of the family Soricidee several members of the genus Suncus {Crocidim) 
cceruleus lylleri (the Himalayan grey musk-shrew) were captured from Kasauli and 
Sabathu. 

Table I gives the monthly distribution of rats and shrews during the 
year 1935-36 : — 


Table I. 


Month. 

Eallus 

rallus. 

i 

musculus. 

Mus 

liuclrianus. 

Nesocia. 

Golunda 

ellioli. 

Suncus 

cceruleus 

hjlleri. 

J une 1935 . . ^ 

137 

9 

1 

0 

1 

0 

July 1935 

311 1 

10 

1 

0 ' 

1 

{Jiardwickei} 

0 

0 

August 1935 

1 

254 

! 

0 

0 

1 

{bengale}isia) 

0 

2 

September 1935 

301 

0 

0 

0 

0 

0 

October 1935 

374 

0 

0 

1 

{bengalensis} 

0 

4 

November 1935 

j 

282 

1 

1 « 

1 

1 

1 

{bengalensis) 

0 

3 


*A general account of Indian Muridee and SorichlfB is given by Blandfoid (1891) and L' 
(1929), respectively. 
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Table I — condd. 


1 

Month. 

Sattua 

railua. 

! 

1 Mus 

I mnsculns. 

Mus 

bactrlanus. 

Neaocia. 

1 

Qolunda 

ellioti. 

S^lncus 

cteruleua 

tylkri. 

December 193.5 

175 

1 

0 

0 

0 

0 

3 

January 1936 

15S 

1 3 

0 

0 

0 

1 

February 1936 

144 

0 

0 

0 

1 0 

1 

March 1936 

93 

1 3 

0 

0 

0 

1 

April 1936 

75 

1 1 

1 0 

I 

0 

0 

0 

May 1936 

98 

0 1 

1 

0 ' 

1 

0 

0 

0 


It is evident from the above that the number of mole-rats and bush-rats is 
exceedingly small compared with that of the common rat Rattus ratlus. The traps 
were laid only in dwelling houses and shops, both in the urban and semi-rural areas, 
hence this was to be expected, as the former would seek refuge in such places only 
under exceptional circumstances. The usual habitat of these rodents is in open 
country, both cultivated and waste land. In a single instance a mole-rat was trapped 
outside its burrow and a bush-rat was captured in the vicinity of the Director’s 
bungalow in the Pasteur Institute estate. 

Strickland (1927) has given a long list of rodents found in various parts of India 
and he remarks that both the distribution of Mus rattus, Mus decunianus, or Mus 
haetrianus, and other related species, and their relation to forest, cultivation, and 
man, are consistent with the incidence of the reported cases of ‘ pseudo-typhus 
This is also true in the case of mole- and bush-rats, the latter living in the jungle 
and nesting in or under bushes. 


Ectoparasites. 


Amongst the arthropods occurring as ectoparasites on rats and shrews in 
the Simla Hills are included the fleas of the genera Xenojpsylla, Ceratophyllus, 
CtenoeepJialus, and Leptopsylla. The principal genera of mites observed are 
Liponyssus. Denmnyssus, Echinolwlaps, and larval forms of Trombicula. The 
ticks are represented by Hyalomma, Rhipicephalus, Hwmaphysalis, and Ixodes. 
The rat-Uce belong to the genus Pohjplax. The details regarding their seasonal 
distribution are given below : — 


(1) Fleas.— It has been observed that the majority of fleas on rats in the Simla 
Hills are Xenopsylla cJieopis. They are found all the year round but are conspicuous- 
ly abundant during the months of September and October. During the winter when 
It IS very cold m the hills they show a marked decrease in numbers. It has been 
stated (Sharif, 1930) that in certain hill-stations Xenopsylla cJieopis is the onlv flea 
found on rats. In the Simla Hills, however, this is not the casC there bein/four 
distinct genera present on rats, X. dieopis being undoubtedly the predominating 
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species, particularly during the summer- Ceratophyllus simla is the other flea 
frequently noticed on rats. During the months of October and Kovember fleas 
of the genus Cemtojdiyllus are in their maximum numbers. Later, with the advent 
of the cold weather their numbers though not so pronounced are appreciably larger 
and during February and Sfarch they actually outnumber the other rat-flea 
Xenopsylla cheopis. 

The dog- and cat-fleas, Ctenocephahcs canis Curtis and G. felis Bouche, are 
also found on rats but in exceedingly small numbers. It appears they arc only 
accidental ectoparasites of rodents. Another flea, Leplopsylla segnis Schonh, has 
also been observed on rats during the post-monsoon period and extending to early 
spring. 

The actual distribution of fleas on rats has been given in Table II : — 


Tablk II. 


Fleas. 


iuonta. 

trapped. 

Xetiopsylla, 

Ceralopliyllns. 

1 Ckiioceplialus. 

Leplopsylla. 

Juno 1935 

148 

74 

17 

0 

0 

July 1935 

322 

268 

14 

2 

0 

August 1935 

257 

404 

35 

0 

1 

September 1935 

.301 

1,502 

77 

3 

1 

October 1935 

3S0 

1..596 

52.S 

■ 0 

0 

Noveraber 1935 

287 

890 

.516 

1 

5 

December 1935 

178 

301 

113 

0 

■ 

0 

January 1936 

162 

346 

128 

1 

11 

February 1936 

345 

131 

170 

0 

4 

March 1936 

97 

41 

72 

0 

1 

April 1936 

76 

IS 

67 

0 ' 

0 

May 1936 

98 

42 

30 

0 

0 
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Chart 1 also shows the comparative seasonal incidence of Xenopsylla cheopis 
and Ceratophylhis sp. in relation to seasonal prevalence of the two serological 
types of typhus ; — 


Chart 1. 



1 ? 3 5 1 9 3 6 


During the time when typhus fever of the XK type is occurring in the human 
population fleas of the species Xenopsylla cheopis are found on rats in their 
maximum numbers. This incidence of fleas would evidently lead one to suspect 
them as possible vectors of this disease. 

Mites. — There are four distinct genera of mites found on the common rat, 
Eattus rallus, and other allied members of the family Muridce. These include the 
common rat-mite Liptonyssus bacoti Hirst, Dermanyssus sp., Echinolcelaps echidninus 
Berlese, and larvae of the genus Tromhicula. 

3, MR 


3 
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Tabic III indicates the relative distribution, of 
during the year 1935-3G : — • 


various genera of mites on rats 


Table III. . 


Sronth. 

Liponyssus hacoti. 

Dernianyssus sp. 

E chin ol <v lap s 
echidninus. 

indicft. 

1 

I 

j oudt- 

' mansi. 

1 

1 

Trombki 

dell- 

eiisis. 

lice. 

n, 3p, 

acuscu- 

lellaris. 

June 1933 

139 

0 

1 

1 

15 

I 

67 

1 

1 

1 

( ' 

! 

34 

0 

July 1933 

577 

3 

{ 20 

206 

1 

i 

89 

205 

0 

August 1935 

271 

10 

3 

174 

i 

43S 

342 

80 

0 

September 1935 

139 

2 

0 

376 

194 

153 

15 

0 

October 1935 

257 

8 

0 

611 

19S 

116 

1,173 

0 

November 1935 

162 

3 


3 

45 

228 

1,426 

0 

December 1935 

55 

0 

1 

0 

0 

232 

828 

11 

January 1936 

6 

1 

0 

0 


100 

926 

0 

February 1936 

45 

1 

0 

0 

0 

41 

375 

0 

March 1936 

8 

0 

2 

0 

10 

41 

577 

0 

April 1936 

2 

0 

17 

0 

0 

43 

327 

0 

May 1936' 

69 

0 

0 

0 

17 

36 

51 

0 


The tropical rat-mite, Liponyssus bacoti Hirst, is commonly found on rats all 
the year round in all stages of development except during the cold months ranging 
from January to March. It is a very prolific breeder, the length of its life-cycle 
being very short and confined to about a week during the summer months. Further 
details of its life-hi&torv as observed in the laboratory will form the subject ot a 
separate paper. 
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Dermamjssus sp. is not commonly found on rats but it is only an accidental 
parasite. This observation is amply substantiated by the data given above. 
Strickland {loc. cit.) has quoted Hirst to show that Dermamjssus muris and 
Dermamjssus gallince occur on rats all over the world. The latter has been recorded 
to bite man. 

Another mite, Ecliinolcelaps echidninus Berlese, which has been described by 
Ewing (1929) as a common arachnid on the domestic species of rats in various parts 
of the world, has also been found on rats in Kasauli and Sabathu, although in very 
small numbers. Strickland {loc. cit.) has mentioned that Lcslaps echidninus has 
been recorded from Bombay and Calcutta infesting rats and these mites were identi- 
fied by Hirst. An allied species Lcekrps nultalli has also been described by Hirst 
(1915) from Calcutta. This specimen was found on the Indian mole-rat, Nesohia 
bengalensis, and on Raltus rattus. 

Larval mites of the genus Trombicula have been quite frequently found on rats 
and have been located on the hairless parts within the ears and around the rims of 
the eyes. In a very few cases they have also been detected attached around the 
anus. Five species of larval Trombiculce have been noticed on rats captured from 
Kasauh and Sabathu, namely Trombicula indica (muris) Walch, T. oudeniansi, T. 
deliensis, T. acuscutellaris, and another probably a new species. Of all these T. 
deliensis, T. acuscuiellaris, and the new species (to be described later) have been 
recorded for the fii'st time by me in India while T. indica (muris) and T. oicdemansi 
have been previously reported by Hirst (loc. cit.) to be parasites of Nesokia ben- 
galensis and Rattus rattus from Calcutta. He has, however, preferred to call them 
Schongastia indica and Schongasliella bengalensis respectively and has labelled them 
as new species. It is believed that these two species of Trombicula do not attack 
man but are very common ectoparasites of rats. 

It has been shown above that Trombicula indica (muris) is the predominating 
species during the summer and continues to remain so till October, after which it 
becomes very scarce. The other allied species T. oudemansi, however, does not 
appear in large numbers till August and then disappears almost entirely with the 
advent of cold weather. The most important species to be considered is Trombicula 
deliensis which has been suspected to be the vector of typhus in Deli. It is cos- 
mopolitan in distribution and has been observed on rats throughout the year, though 
in varying numbers. It appears that this species can stand the rigours of cold very 
well and in this respect its only other equal is the new species of Trombicula found 
in the Simla Hills. Judging from the morphological characters of the two species 
they appear to be almost identical and could only be separated by minor details in 
chsetotaxy. A systematic account of the various species of Trombicula recorded 
from this area has been reserved for publication separately. The only other 
trombiculid larva found on rats and known to bite man is T. acuscutellaris. Onlv 
in. a few instances has this species been reported and that too in the month of 
December. This is also recorded for the first time on rats in India. 

Details regarding the prevalence of these mite larvse during the year 1935-36 
have been embodied in Chart 2. 

Ticks.— Of all the acarip which attack man, ticks have been very largely 
incriminated in the transmission of disease. A careful survey was, therefore made 
and ticks present on rats were studied. Four genera of ticks, namely Hyalomma, 
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Rhipkejdialus, Hmnafhjsalis, and Ixodes, mentioned in order of their prevalence 
were observed on rats. Hyalomma larvte and nymphs have been found in greatest 
abundance. It appears that the adults engorge mainly on higher mammals. I 
have isolated them from goats in New Delhi and from sheep at Kasauli. Patton 
and Cragg (1913), in an examination of 3,000 calves used for vaccination purposes 
at the King Institute of Preventive Medicine, Guindy, Madras, found the nymphs 
of Hyalomma twenty-four times, while the adults were present on almost every calf 
brought to the institute. They also recorded the presence of these adult ticks on 
horses, dogs and the south Indian hare Lepus nigricollis. These workers produced 
experimental evidence to show that the larvae of Hyalomma engorge only on lower 
mammals such as guinea-pigs and rats and refused to feed on calf, goat, pig, dog, 


Chart 2. 



cat, etc. It would, therefore, be wise not to ignore this point when making any 
generalizations on the transmission of typhus through the agency of this tick. 

It will be abundantly clear from the data given below (Table IV) that Hyalomma 
ticks are present on rodents in appreciably large numbers during September and 
slowly disappear with the advent of cold weather in the following months. In the 
months of May and June when the temperature is high and the hiimidity is low 
these ticks especially their immature stages are rarely seen. The biotic poten la 
is raised with the coming monsoon rains with the result that a larger number o 
individuals are produced and can survive through the more favourable enyuon- 
mental conditions. This is really why we have the largest numbers of indivic ua 
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on record during September as at this period the optimum conditions exist for 
tbeir survival. 

Hyahmma (egyptium is the species most commonly found on cattle, particularly 
sheep and goats. Sharif (1928) has remarked that, this species generally attacks 
cattle, horse, camel, goat, donkey, and occasionally dog and bear. 

The following details given in Table IV show the distribution of the ticks 
on rats during the various months : — 


Table IV. 


Month. 

Hyahmma. 

Shipicephalus. 

Hamaphysalis. 

Ixodes. 

June 1936 

6 

40 

0 

0 

July 1935 

87 

22 

0 

1 

August 1935 

80 

24 

0 

3 

September 1935 

246 

35 

12 

0 

October 1935 


33 

12 

0 

November 1935 

7 

1 

16 

-1 

December 1935 

6 

0 

3 

0 

January 1936 

. 1 

0 

0 

0 

February 1936 

3 

0 

0 

0 

March 1936 

23 

1 

2 

0 

April 1936 

1 

65 

1 

0 

May 1936 

2 

1 

0 

0 

0 


There are two species of EhipicepJialus found on rats and shrews in this area, 
namely R. sanguineus and R. licemaphysaloides. The former is much more common 
and only the larv® and nymphs are frequently noticed. The other species is very 
scarce which is explained by the fact that it is found mainly in waste land and is 
picked up by the rodents during their sojourn in such areas. 

Ticks of the genera Hceinaphysalis and Ixodes are only rarely seen on rats and 
in this connection it may be mentioned that larvse and nymphs of the former are 
chiefly present on rats while the adults of Ixodes sp. have been observed. The 
immature stages of Hcema/physalis manifest themselves during the months of 
September, October, and November. The distribution of Ixodes sp. is very 
irregular. ^ 

Lice. The lice on rats collected at Kasauli and Sabathu belong to a single 
genus Polyplax and the common species recorded is Polyplax spinulosa. They are 
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nearly equally distributed during'the summer and winter except during the months 
of May, June, and July when the temperatures are comparatively high and the 
humidity is very low. 

Data regarding their numerical strength during the year 1935-36 are given in 
Table V 

Table V. 


Month. 

1 Number of 

1 lice. 

1 

Month. 

Number of 
lice. 

1935. 

1 

1936. 

Juno 

-12 

January 

6S9 

July 

7G 

February . . 

514 

August 

3.33 

March 

369 

i 

September . . 

593 

Ajiril 

175 

October 

927. • 

May 

92 

November . . 

659 


■ 

December 

566 




It is very difficult to enumerate accurately the presence .of lice on' their 
host due to the fact that they cling to the hair very closely. To isolate and 
disentangle each specimen from the living animal is a very lengthy process and 
it is not unlikely that one might miss many of them. It is, therefore, possible 
that the figures given above would only give an approximate idea of their 
numerical strength. 


Possible role oe ectoparasites in typhus transmission. 

Cases of the XK type of typhus have been reported in the Simla Hills during 
the past years in the months of August, September, and October. At this time 
nearly all the ectoparasites have a high biotic potential, the physical conditions o 
the environment being very favourable for their survival. Consequently it is 
hardly possible to incriminate any particular arthropod on a basis of numenca 
strength alone. It would perhaps be useful to discuss the factors involved. . 

Although other genera of fleas are present on rats it is only Xenopsrjlla 
which shows a marked seasonal incidence corresponding with the prevalence o us 
disease. Judging from the numerical strength of this insect one would 
kind of rural plague if it could transmit the disease from rat to man but this oe 
not seem to occur in nature. Experimental attempts to transmit the virus o nir , 
typhus with X. cheopis carried out by Leivthwaite and Savoor (1934) were 
ful. i Eurther work on these lines is necessary before the possibility tna 
insfebts may be concerned is dismissed. 
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The possible relationship of fleas as vectors of the urban form of typhus has 
been thoroughly investigated by Lewthwaite and Savoor {loc. cit.) who showed that 
the flea X. cJieojns can acquire a virulent infection under experimental conditions 
and their findings leave little doubt that, in nature, the rat-flea is a vector of urba,n 
typhus from rat to rat and from rat to man. These findings have been recently 
confirmed by Covell and Mehta (1936) and further work (Smith and Mehta, 1937) 
Las shown that the other rat-flea, Gemtophyllus shnla, can also harbour the virus of 
the X19 type of typhus. It is possible that similar results may also be obtained 
with the other fleas found on rats. 

The role of mites in the transmission of tropical typhus has received consider- 
able attention during the last ten years. This importance is due to the fact that 
some of the mites occurring as ectoparasites on rats and shrews also bite man. It 
has been shown above that the tropical rat-mite, LipoiMjssus bacoti Hirst, has been 
commonly observed on rats during the time when cases of the XK type of typhus 
occurred in the Simla Hills. The fact that this artliropod often attacks man and 
causes dermatitis would certainly offer possibilities that it may be a vector of this 
disease. In fact it has already been shown by Shelmire and Hove (1932) that the 
Texas strain of endemic typhus was experimentally transmitted through the bites 
of Liponyssus bacoii Hirst, in laboratory animals. They have also emphasized 
that the frequency with which this mite takes the blood from an animal, coupled 
with the short periods required for their growth and the number of different animals 
they are apt to feed upon, favours the transmission of endemic typhus by these 
mites from rat to rat and from rat to man. This work has not received any con- 
firmation from any other source. In attempts to infect this mite with typhus of 
the X19 type it was found (Smith and Mehta, loc. cil.) that Liponyssus bacoti does 
not take up and develop the virus. Further experimental work is in progress to 
determine whether this mite plays any part as a carrier of this disease in the Simla 
Hills. Strickland {loc. cit.] has suggested that the rats and Liponyssus bacoti be 
investigated in relation to typhus transmission. The fact that this mite readily 
attacks man and rat and is a very prolific breeder, would make it a very efficient 
carrier. If it could harbour the virus of typhus one would naturally expect an 
epidemic of typhus occurring during the post-monsoon period. But this is not so 
and the conclusion would be that though noxious to man in other ways this 
arthropod probably does, not play any part as a vector of this disease here. 

Of all the other mites found on rats only the larval Trombicuke need attention. 
It has been proved that Trombicula akamushi is the vector of the Japanese river- 
fever or Tsutsugamushi disease and an allied species Trombicula deliensis has been 
incriminated in the transmission of tropical typhus in Deli. Gater (1930) has 
suggested that Trombicula akamushi and T. deliensis are merely forms of the same 
species and has concluded that the vector of tropical typhus may prove to be the 
same as for the Japanese river-fever. 

There are five genera of larval Trombicuke present on rats in the Simla Hills and 
of all these T. deliensis and T. acuscutellaris deserve special mention since they are 
reported to attack both rat and man. The mites T. deliensis are found on rats all 
the year round and are particularly abundant during the season when cases of the 
XK type of typhus occur at Kasauli and Sabathu. Moreover, it is highly probable 
that rodents are attacked by larval Trombiculids when they burrow in the onen 
country since the latter abound in loose- earth and' such other places This is 
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supported by the fact tliat these mites have been ca'ptured by me on the mole-rats 
trapped at Kasauli under semi-rural conditions. It is, therefore, emphasized that 
the possibility of Tromhicida deliensis acting as a vector of rural typhus should 
not be iguored. The other species, Trombicula acmcutellaris, which has also been 
recorded to bite man in other countries, is found only in the month of December 
and that too in very small numbers. It is highly probable that this species has 
no relation to the transmission of this disease. 

The parasitid mite, JScJiinolcelays echidnimis, which is also found on rats is not 
known to attack man (Ewing, he. cit.). The chicken-mite, Dermavyssiis sp., 
reported on rats appears to be only an accidental parasite and it is not known 
whether it attacks man as readily as the tropical rat-mite, Lijmnjssus bacoli. 

Ticks have been strongly suspected as vectors of typhus in India. According 
to Megaw (1924) the evidence available in the Kumaon Hills suggests that the 
typhus-like fever may be tick-borne and that the reservoir is a jungle-living animal. 
He considers that it is most likely the hare or the palm-squirrel which is the 
reservoir’ and the vector Hyahmma cegypliim or Rliijnceplialus sanguineus. This 
view is supported by Strickland {loc. cit.). 

In the present survey of the ectoparasites it has been mentioned that four 
genera of ticks are found on rats. Hgalomma cegyptiwn is the commonest tick and 
is particularly abundant during the time when cases of the XK type of typhus are 
being reported in the Simla Hills. At this time the larvm and nymphs are found 
on rodents and possibly on other lower mammals while the adults engorge on goats 
and sheep. Theii’ presence on wild animals might also explain their relation to the 
dissemination of this disease. In this respect the other common ticks found on 
rats, namely RhipicepJialus sanguineus and R. hiemaphysahules, are also likely 
vectors of typhus because they have also been recorded on various wild animals. 
According to Sharif [he. cit.) the latter species has been observed on a leopard at 
Kasauli, near Kareri lake in the Kangra valley, on sheep and on dog, on man and 
sheep at Bhowali, Malwa Tal, and Muktesar in the hills of the United Provinces. 
It would, therefore, be interesting to investigate whether experimental transmission 
of typhus of the XK type is possible with the ticks Hyalomma and Rhipicephalus 
and this is in progress. 

The other two genera of ticks found on rats, namely Hwmapiliysalis sp. and 
Ixodes sp., are found in very small numbers. Whether they play any part in the 
transmission of typhus has yet to be worked out. 

The role of ticks in the transmission of the XI 9 form of typhus is very doubtful 
and they are very much afiected by adverse conditions of climate during the cold 
weather when cases are reported in the Simla Hills. 

There is no evidence forthcoming in support of the rat-louse Polyplax spinidosa 
acting as a vector of this disease. 


Summary. 

1. A total of 2,451 rats (Muridee) and shrews {Soricidee) were trapped at 
Kasauli and Sabathu in the Simla Hills during the year 1935-36 and their 
ectoparasites were collected and studied. 
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2. Amongst the arthropods occurring as external parasites are included the 
fleas — Xenojm/lld cheopis, CeratopJiyllus simla, Ctenoce])lialus canis and C. felis, 
and Leptlopsylla segnis. The principal mites studied are Liponyssus bacoti, 
Dermanyssus sp., EcJiinolcelaps ecMdninus, and larval forms of the genus Trombicula. 
The ticks are represented by the larvse and nymphs of Hyalomma cegyptium, 
RhipicepJiahis sanguineus and R. litemapdiysaloides, Hamaphysalis sp., and adults 
of the genus Ixodes. The lice belong to the genus Pohjpdax and the common 
species met with is P. sgnnidosa. 

Details are given of the seasonal distribution of the various ectoparasites on 
rats and shrews. 

3. The possible role of fleas, mites, ticks, and lice in the transmission of typhus 
in the Simla Hills is discussed. 

It is emphasized that the larval mite Trombicula deliensis and the tick 
Hyalomma cegyptium may possibly be concerned in the transmission of the XK 
(rural) type of typhus. 

Evidence is produced to show that the fleas [Xenopsylki cheopis and Gerato- 
phyllus simla) are the likely vectors of the Xl9 (urban) form of typhus in the 
Simla Hills. 
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[llcceivecl for publication, June 30, 1937.] 

In a previous paper (Aykroyd and Krislinan, 19376) feeding experiments with 
children and young rats, designed to test the value of various foods in supplementing 
typical South Indian diets, were reported. Skimmed milk powder was found to be 
a most efiective supplement. Skimmed milk supplies protein of high biological 
value, the B 2 group of vitamins, and mineral salts including calcium. No definite 
conclusion about the relative importance of these factors could be drawn from our 
earlier experiments. It is, however, obviously desirable to define more exactly the 
deficiencies of Indian diets. In the present experiments, carried out with rats, we 
have studied the effect of adding various substances, including casein, calcium 
lactate and yeast, to the ‘ poor Madrassi diet ’. 

Experimental. 


The basal diet was as follows ; — 

Oz. 

Raw milled rice . . . , . . . . 21’00 

Dhal arhar {Cajanus indicus) . . . . ... 0‘70 

Black gram {Phaseolus mungo) . . . . . . 0'70 

Brinjal (Solatium melongena) . . . . . . TOO 

Amaranth leaves {Amarantlms gangeticus) . . . . 0'50 

Raw plantain {Musa faradisiaca) . . . . . . 0’50 

Gingelly oil . . . . . . . . . . O'lO 

Coco-nut . . . . . . . . _ Q.Qg 

Meat (mutton) . . . . . . . . _ _ 0-06 


The description of this diet as the ‘ poor Madrassi diet ’ is justified by the 
results of detailed diet surveys carried out in various parts of the country 
The quantities given correspond roughly to average adult daily intake. ^ ' 

( 367 ) 
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those usually considered sufficient to cover the daily requirements of rats. If the 
failure of the rats on the basal diet to grow were due primarily to lack of these 
factors, the addition of the quantities stated should result in a more rapid increase 
in. weight. 

O 


Discussion. 

In the earlier paper (Aykroyd and ICrishnan, 1937a) it was pointed out that 
the young rats used for the growth experiments are well stored with vitamin A, 
and will grow for 10 weeks on a diet deficient in vitamin A but otherwise complete. 
None of the supplements given in the present experiments contained vitamin A or 
carotene in appreciable quantities. 

The addition of calcium lactate and dried yeast, unheated or autoclaved, 
resulted in a marked enhancement of growth. Casein, cystine, flavine, and the 
vitamin-Bi preparation had little effect on the weight curves. The present experi- 
ments therefore suggest that the effect of the skimmed milk is largely due to its 
content of calcium and of some factor or factors in the vitamin-Bo complex. 

Two groups of rats on the ‘ poor Aladrassi diet ’ plus r5 oz. (42 g.) of skimmed 
milk powder showed an average weekly increase in weight of 7‘5 g. and 9'4 g., 
respectively. A similar quantity of casein was given, so that the amount of protein 
supplied by the latter supplement was in excess of that supplied by the former. 
Nevertheless growth on the casein-fortified basal diet was very little better than 
growth on the basal diet alone. The addition of 13'0 mg. of cystine, which would 
provide about twice as much cystine daily as the basal diet containing casein, had 
no marked effect on growth. 

It is of interest to recall that in Corry-Mann’s (1926) well-known series of 
experiments, which demonstrated the value of adding ‘ extra ’ milk to the diet of 
poorly-fed English children in a charitable institution, the giving of 0'75 oz. (24 g.) 
of casein daily did not have any ‘ growth-enhancing ’ effect. AlTiile the value of 
milk as a supplement to European poor class diets and Indian diets has been abun- 
dantly proved, it seems probable that the important operative factor is not the 
additional protein supplied in the form of casein. 

As long ago as 1912, McCay showed that the health and physique of Indian 
peoples whose diet is largely based on rice are inferior to those of peoples consuming 
wheat and milk. He explained this in terms of the low protein content of rice, ft 
has long been customary, in considering the nutritive value of diets based on nee, 
to emphasize the importance of the protein factor. Wilson ei al. (1936), Jn 
discussing the results of a diet sui'vey in Calcutta, remark that ‘ the protein elemen 
in nutrition in India may ultimately prove to be the most important and it 
certainly be the most difficult to remedy ’. This idea may be erroneous. 

The inclusion of calcium lactate greatly enhanced growth and improved flie 
general condition of the animals. We regard this as an important observation- _ 
strongly suggests that one of the most serious defects of the South Indian die is 
its relative lack of calcium, and that the value of milk is due in large measure o i ^ 
hit^h calcium content. In all probability controlled experiments on children usi o 
catcium lactate instead of milk would show results resembling those . 

our skimmed milk experiments. The amount of calcium given in these expenm 
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baaed on the usual medicinal dose of calcium lactate, was in excess of that supplied 
bv the ‘ poor Madrassi diet ’ supplemented by I’S oz. of skimmed milk powder. 

The supplement of dried yeast increased growth. Dried yeast contains all 
the B vitamins, and fiurther analysis was necessary to di.“cover the relative import- 
ance of the various factors in the complex. A vitamin-Bi concentrate, given in 
adequate daily rat doses, did not improve growth. It is to be observed, that 
true beri-beri is not a common disease in South India. Peripheral neuritis in 
lactating women, which may be associated with vitamin-Bi deficiency, is however 
very common, and it is probable that diets of the ‘ poor Madrassi ’ type contain 
sufficient vitamin Bj for children and adults in ordinary circumstances, but not 
enough to make good the drain of lactation. 

Pure flavine had very little effect on the growth curve. The addition of black 
pepper was tried because Narasimhamurthy (1937) found this substance to be 
very rich in flavine. 

Dried yeast, autoclaved for five hours at pH 9-2 and subsequently neutralized, 
was almost as effective in enhancing growth as unheated dried yeast. Analysis 
showed the alkaline autoclaved yeast to be devoid of flavine. 

We are therefore led to the conclusion that the ‘ poor Madrassi diet ’ is deficient 
in oire of the factors in the vitamin-B complex other than vitamin Bi and flavine. 
This factor may be vitamin Bo ; it is more lilrely to be the ‘ alcohol-ether precipitate 
factor ’ described by Elvehiem, Koehn and Oleson (1936) and Koehn and EIveh]em 
(1937). It is possible that this factor is identical with the curative factor in human 
pellagra, with the factor which prevents black-tongue in dogs, and also with the 
chick ‘ anti-pellagra ’ factor. 

A common deficiency disease found in children fed on diets of ‘ poor Madrassi ’ 
type is a stomatitis closely resembling the stomatitis of pellagra. In previous 
papers this condition has been fully described and its precise relation to diet 
demonstrated (Aykroyd and Krishnan, 1936, 1937a). It can be cured by dried 
yeast, unheated or autoclaved. Satisfactory curative experiments with allcaline 
autoclaved yeast have not yet been carried out. The evidence, however, points 
to the conclusion that a diet largely based on milled rice is deficient in the 
‘ anti-pellagra ’ factor. Mdiy such a diet tends to produce only one of the 
symptoms of the pellagra syndrome, and does not lead to the characteristic 
dermatitis, is a problem of absorbing interest. 

The rats on the basal diet plus calcium lactate grew well although not receiving 
an addition containing the B vitamins. Similarly the diet supplemented by yeast 
supported fairly good growth although no calcium salt was added. Dried yeast, 
in the quantity given, would supply negligible amounts of calcium salts. It there- 
fore seems probable that calcium lactate increased the ‘ availability ’ or utilization 
of a factor or factors in the vitamin-B complex already present in small amounts 
in the basal diet, and vice versa. In this respect growth experiments with a basal 
diet consisting of natural foods are not precisely parallel to the more familiar type 
of experiment in which purified synthetic diets are used. 

Since dried yeast and calcium, fed separately, enhance the value of the ‘ poor 
Ma(Kassi diet for rats, it might be expected that given in combination they would 
produce a steeper growth curve. We found, however, that this was not the case. 
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The average weekly increase in weight when yeast and calcium were given together 
was no greater than when yeast was given alone, and was actually less than that 
obtained with calcium alone. Further investigation of this question is necessary. 

It must be emphasized that rat-growth experiments of the kind described give 
only an indication of what additions to human diets are likely to prove most valuable. 
They do, however, give us a line to follow in the difficult task of discovering methods 
of improving the South Indian diet consistent with economic realities. For 
example, the experiments with calcium lactate described here have directed our 
attention to the importance of adding calcium-rich foods to diets largely based on 
rice. Certain of the millets (e.g., ragi, Eleusine coracana) are rich in calcium, and a 
single meal of millet daily may he of value to children living on a rice staple. 


SUMMABY, 

1. The value of various supplements to the ‘ poor Madrassi diet ’ has been 
studied by growth tests on rats. 

2 . Calcium lactate, dried yeast, and dried yeast autoclaved in an alkaline . 
medium effectively supplemented the basal diet. 

3. Casein, cystine, flavine, and a vitamin-Bj concentrate did not enhance 
the rate of growth, 

4. It is probable that the most important defects in diets of the ‘poor 
Madrassi ’ type are insufficiency of calcium salts and of a heat- and allcali-stable 
factor in the vitamin-B complex. The identity of this factor is discussed. 
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CONDIMENTS : PART I. BLACK PEPPER {PIPER NIGRUM). 
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Piper nigrum is widely grown in India, particularly in the South. The 
berries are collected while green and dried ; when dry they are dark in appearance 
with a puckered surface. Black pepper is extensively used as a condiment and 
is held to have carminative properties. In certain parts of the country it is 
employed in the preparation of ‘ rasam ’ and ‘ sambar ’ which are courses of the 
South Indian meal. ‘ Rasam ’ is a dilute water-extract of tamarind, salt, and chilly 
powder to which pepper powder is usually added. ‘ Sambar ’ is a similar preparation 
containing dhal and vegetables ; it is much thicker than ‘ rasam corresponding 
in consistency to thick soup. 

A considerable portion of the total nitrogen present in certain foodstuffs is in 
a non-protein form. Pepper is an example of such a foodstuff ; it contains non- 
protein nitrogen to the extent of 82 per cent of the total water-extractible nitrogen. 
The simple determination of the nitrogen content thus gives a quite erroneous 
impression of its true protein content. The study of the non-protein nitrogen of 
foodstuffs of this nature is of practical interest. 

It has been found by one of us (Narasimhamurthy, 1937) that pepper is as rich a 
source of ffavine as dried brewer’s yeast. The chemistry of the nitrogen complex 
of pepper has not been studied so far, and since black pepper is widely used in 
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India it was felt important to carry out tlie investigation the results of which are 
described in the present paper. 

Previous chemical studies of the nutritive values of proteins have not taken 
into account the influence of pH on the availability of the nitrogen in foodstuffs. 
Food when ingested is subjected to various degrees of acidity and alkalinity during 
its passage through the alimentary tract, and these degrees may be exaggerated in 
pathological conditions. The influence of pH was also studied in the present 
investigation. 


Experimental. 

The dry fruits, obtained locally, were sun-dried and powdered to pass through 
a 50-mesh sieve : a fairly large quantity of this material was kept ready. Samples 
were taken as required after thorough mixing. The chemical composition was 
found to be as follows : — 


Moiaturo, 
per cent. 

Total 
nitrogen, 
per cent. 

! 

Ether 

ex'tractives, ! 
per cent. 

Ash, 
per cent. 

Fibre, 
per cent. 

Carbohydrate 
(by difference), 
per cent. 

10-78 

2-07 

1 

] 

6-70 

j 

4-40 

14-92 

50-17 


Calcium, phosphorus, and iron were found to be present in the ash in the 
following proportion : — 

Per cent. 


Calcium 

Phosphorus 

Iron 


10*50 

4*5i 

0*38 


The following factors are among those influencing nitrogen extraction : 

(1) the nature of the solvent, (2) the time of extraction, and (3) the 
hydrion concentration of the extracting medium. The bulk ot 
the solvent has also some influence, but this was found to be 
inconsiderable. 


Weighed quantities of the pepper powder were treated with five parts of the 
several extracting media in Jena-glass bottles at room temperature.^ In investi- 
gating factors (1) and (3), suspensions were rocked in a shaking naachme 
for a period of 15 minutes, and filtered immediately in a Buchner-funneJ, 
the first portion re-filtered to ensure complete removal of all suspended matter 
in the filtrate. When filtration was very slow, it was conducted in the 
refrigerator. The filtrates were made up to known volumes and aliquots used 
to determine the nitrogen extracted in each case. The results are shown 
in Table I : — 
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Table I. 


The influence on nitrogen extraction of (a) saline concentration, (b) the 
period of extraction, and, (c) the pH of the medium. 



The pH levels that prevail in the alimentary tract alone were considered. In 
one experiment the influence of both pH and salt concentration was investigated. 
As already mentioned, pepper is used in the preparation of ‘ rasam ’. The pH and 
saline concentration of a series of ‘ rasams ’ were determined, and it was found that 
most of the ‘ rasams ’ have a pH round about 3’3, and 1 '5 per cent salt concentration. 
It is apparent from Table I that the addition of salt does not exert any appreciable 
influence on nitrogen extraction the quantity of the nitrogen extracted at the 
same pH without salt was very similar. 

The next series of experiments was concerned with the determination of the 
forms in which the nitrogen in pepper exists, i.e., how much is non-protein nitrogen 
and how- much is albumin, globulin, prolamin, and glutelin. Estimations were 
also made of the amino nitrogen in the non-protein nitrogen fraction. The non- 
protein nitrogen was estimated directly in the original material by the methods 
of Mezincescu and Szabo (1936) and Ayres and Lee (1936). Non-protein nitrogen 
was also estimated in the water-soluble fraction. Albumin, globulin, prolamin, and 
glutelin were determined by taking 10 g. of the powder and treating it successively 
for 15 minutes with 50 c.c. of water, 4 per cent saline, 70 per cent alcohol, and 
O'l per cent alkali. The suspensions were shaken well in the rocking machine 
for 15 minutes,^ filtered, washed with the respective solvents, and made up to 
volume. The nitrogen content of each fraction was determined on aliquots. The 
non-protein nitrogen of each fraction was determined by taking aliquots of each 
solution and removing the protein by precipitating with enough trichloracetic 
acid auded fco make a 4 per cent solution. The soluble portion was removed 
by ultratioiij the residue washed with 2 per cent trichloracetic acid solution 








376 


The Nitrogen Complex of Indian Foodstuffs. 


and the filtrates and washings mixed and made up to volume ; nitrogen was 
estimated on aliquots. Tables II and III give the results: — 

Table II. 


The protein fractions and their non-protein nitrogen {per cent of 

original material). 


Solvent. 

1 

Water. 

4 per cent 
saline. 

70 per eent 
alcohol. 

0-1 per cent 
NaOH. 

Eesidue (by 
difference). 

1 

Nitrogen . . 

1 

0-26G 

1 

0-0426 

! 

0-149 

0*08 

1 

1-48 

1 

Non-protein nitrogen 

0-2o3 

Nil 

Nil 

Nil 

•• 


Table III. 


The non-protein nitrogen and amino nitrogen of pepper {expressed as 
per cent of original material). 


1 

1 

1 

Precipitation 

1 mth 4 per cent 
trichlor- 
acetic acid. 

Precipitation 
with sodium 
tungstate 
(method of 
Ayres and Lee). 

Precipitation 
with trichlor- 
acetic acid 
(method of 
Mezincescu 
and Szabo). 

Van Slyke’s 
gaso-metric 
method. 

Non-protein nitrogen 

0-2o3 

0-207 

1 

0-255 


Amino nitrogen 

•• 

1 

0-149 

•• 

0-128 


Table II shows that the amount of albumin and globulin nitrogen present was 
found to be very small. In practical nutrition we are concerned with the entire 
seed. Hence it was considered better to study nitrogen distribution in the whole 
seed. Accordingly about 50 g. of pepper powder were de-fatted in the Soxhiet 
apparatus and dried. Samples of this fat-free dry powder were used for the study 
of the hydrolysis products and for the estimation of tyrosine and tryptophane. 
The portion used for studying the nitrogen distribution was' hydrolysed with 
25 per cent hydrochloric acid at 110°C. under reflux for 48 hours. Van 
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Slyke’s (1911) method of analysis modified by Plimmer and Rosedale (1925) was 
then followed. Cystine was estimated by the method of Plimmer and Lowndes 
(1927) on the basic fraction of the hydrolysate. Tyrosine and tryptophane were 
estimated on a separate sample by the colorimetric method of Folin and Marenzi 
(1929). The results are tabulated in Table IV : — 

Table IY. 


Nitrogen distribution of black pepper. 

(Expressed as per cent of the nitrogen of the hydrolysate from 
fat-free material.) 


Acid soluble 

Amide 

Basic fraction. 

Non-BASIC fraction. 

_ 1 

Total. 

i 

humin nitrogen. 

nitrogen. 

Amino 

nitrogen. 

Non-amino 

nitrogen. 

Amino 

nitrogen. 

Non-amino 

nitrogen. 

3-35 

1 

17*00 ' 

1 

8-68 

3-386 

58-08 

9-58 

100-075 


Nitrogen as : — 

Arginine . . I’llS 

Histidine .. 3’800 

Cystine . . 1-280 

Lysine . . 5-867 

1 


Tyrosine and tryptophane content 
of black pepper. 
(Expressed as per cent of the 
original material.) 


Tyrosine. 

Tryptophane. 

0-929 

0-70 


Discussion. 


Nitrogen compounds, when ingested, are 
the intestinal secretions into amino acids, in 


broken down under the influence of 
which form the body utilizes them; 
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The degradation of protein, like several other chemical processes occurring in 
solution, is more rapid the more soluble the nitrogenous compounds. In 
pepper, though only 12 per cent of the total nitrogen is water soluble, most of it 
is in non-protein form ; more than half of this fraction is made up of simple amino 
acids, which can be readily utilized in the system. It is to be expected on this 
score that pepper may have a high biological value. This question must, however, 
be studied by biological experiments. 

A point of interest is the amino-acid make-up of the nitrogen complex of 
pepper. The amino acids which are most essential for growth and maintenance 
are all present in this foodstuff {see Table IV). Lysine, histidine, and cystine 
are present in appreciable quantities. It is of interest to compare the composi- 
tion of pepper in this respect with that of the proteins of the other foods with 
which pepper is generally consumed, e.g., the staple cereal grains of India, such 
as wheat, rice, cholam, and ragi. The nitrogen distribution in these grains are 
shown in Table V : — 


Table V. 


The aniino-acicl composition of black pepper and that of protein obtained 
from various cereals compared*. 



1 

Eleusinin 

1 from 

Eleusine 

1 caracana 

(ragi). 

1 

1 

KaflSrin 

from 

A ndropogan 
sorghum 
(cholam). 

Leucosin 
from j 

Triticum ' 
vulgare 
(wheat). 

Oryzenin 

from 

Oryza saliva 
(rice). 

Nitrogen 
complex of 
Fiper nigrum 
(pepper). 

Arginine 

2'60 

i 

! 

' 3-92 

5-94 

9-15 

1-18 

Histidine 

2-69 

1-71 

2-83 

3-32 

4-40 

Cystine 

? 

1-23 

•• 

1-26 

1-48 

Lysine 

0-64 

2-48 

i 

2-76 

4-26 j 

6-81 

Total protein per 
cent of the seed. 

7-1 

10-42 

11-77 

6-44 

12-9 


* These data regarding cereals were taken from Winton and Wiiiton (1932). Csonka (1937) 
in a recent publication gives lower values for the amino acids in wheat. 


Black pepper contains more histidine, cystine, and lysine than the proteins 
of the common cereals listed above. It may, therefore, have a useful ‘supple- 
mentary ’ value when consumed in combination with cereal foods, notably ragi, 
which is very deficient in cystine and lysine. 
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Summary. 

1. An investigation of the chemical composition and the nitrogen distribution 
in the nitrogen complex of Indian black pepper {Piper nigrum) has been carried 
out. 

2. Non-protein nitrogen constitutes 82 per cent of the water and saline- 
soluble nitrogen fractions of black pepper ; of this over 56 per cent is in the amino 
condition. 

3. Black pepper contains appreciable amounts of all the important amino 
acids ; its richness in lysine and histidine suggests that it may be of more value in 
human nutrition than has hitherto been realized. 
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FOODSTUFFS IN NUTRITION. 


Part III. 

THE BIOLOGICAL VALUE OF THE PROTEINS OF VARIOUS 
PULSES, OIL-SEEDS, NUTS, AND SKIilMED MILK, 
STUDIED BY THE BALANCE-SHEET METHOD. 


BY 

M. SWAMINATHAN. 

{Nutrition Eesearch Laboratories, I. R. F. A., Coonoor, S. India.) 


[Received for publication, June 30, 1937.] 


Ay earlier paper in this series (Part I) (Swaminathan, 1937) dealt with the 
value of th.e proteins of 13 common foodstuffs (5 cereals, 3 pulses, and 5 vegetables) 
investigated by the balance-sheet method. This paper reports further similar 
studies of the proteins of 11 foodstuffs, including pulses, oil-seeds, and nuts. 


The composition of foodstuffs and experimental diets. 

The pulses, after air-drying, were powdered to pass through a fine-mesh sieve. 
Three of those tested — dhal arhar (red giam), black gram, and Bengal gram — could 
easily be freed from their husks and were powdered in the husked state ; the 
remaining 3 were powdered with their husks. The oil-seeds and nuts were dried 
in an air oven at a temperature not exceeding 70°C., and de-fatted by ether. The 
residue, almost fat-free, was first dried in the sun and subsequently in an air 
oven below 70°C. ; finally it was reduced to fine powder. De-fatting was carried 
in the case of nuts and oil-seeds, since the presence of large quantities of fat 
makes satisfactory powdering difficult. The vegetables tested were dried under 
carefully regulated conditions as described in the previous paper (Swaminathan 
loo. cit.). 

The level of protein intake was kept at approximately 10 per cent in the diets 
containing the pulses and oil-seeds, and at 5 per cent in those containing the cereals 
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and pulses. The moisture and crude protein content of the powdered foodstuffs 
are given in Table I and the composition of the test diets in Table II : — 

Table!. 


Moisture ami ' crude protein ’ content of test materials. 


Name of foodstuff. 

Botanical name. 

Moisture, 
per cent. 

‘ Crude protein 
per cent. 

Italian millet 


Setaria ilalica 

11 '23 

10-04 

Bengal gram 

* . 

Ciccr ariclinum 

11-20 

22-10 

Black gram 

• • 

Phascolns miuKjo 

10'S7 

23-50 

Cow gram 


Vigna catiang 

12'00 

24-12 

Field beans 


DoUchos lablah 

9-60 

24-63 

Horse gram 


DoUchoa bijlonta 

11-81 

22-12 

Dhal arhar {red gram) 

.. 

Caganua indicus 

12-52 

22-65 

Coco-nut 


Cocoa nucifera 

36-28 

4-47 

„ de-fatted 

. . 

91 >9 

4-16 

16-20 

shew-nufc 

* . 

Anacardium occidentale 

6-89 

21-19 

„ de-fatted.. 

• • 

99 

3-45 

31-77 

Gingelly seeds 

- • 

Seaamum indicum 

5-08 

18-33 

„ de-fatted 

• - 

99 97 • 

3-12 

28-98 

Ground-nut 

•• 

Arachia hypogea 

7-92 

26-72 

,, de-fatted 


99 99 

2-84 

45-73 

Cluster beans 


Cyamopaia paoralioidea 

82-45 

3-67 

„ dry powder 

* • < 

99 99 

8-30 

19-46 

Sesbania leaves . . 

! 

• • 1 

Seabania grandiflora 

76-83 

8-40 

„ dry powder 

• . { 

1 

99 99 

8-24 

31-85 

Skimmed milk powder 


■■ ■ ■ 

4-10 

38-04 


F 7 TAL. 

The tec' methodsl ^ were essentially those described in 

Part I of thi e results \ iments and the calculated biological 

values are g HI- 



Table II. 

Percentage composition of the diets. 



(With 4 c.c. of an aqneoos solutioa of yt-ait Oilract com-bpoiiding to 1 g, of dried ycMl daily to taoli riit.) 
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Average 



[Figures of intake and excretion represent daily averages.) 



162 150 10-63 .. 62-0 20-7 







Table III — contd, 

{Figures of intake and excretion represent daily averages.) 
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Average 
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{Figures of intake and excretion represent daily averages.) 
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J, 


Average 




{Figures of intake and excretion represent daily averages.) 
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Average . 
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Average 


Table III — eoncld. 

{Figures of intalce and eoco'elion represent daily averages.) 



200 194 14-30 .. 65-8 24-G 


M. Swaminathaii. 


395 


Discussion. 

Cereals. — Comparing values obtained for cereals iu this and previous studies, 
Italian millet has a biological value (77) higher than that of wheat (66), but some- 
what lower than those of rice, cambu (Penniselum typlwideum), cholam {Sorghum 
vulgare), and ragi {Eleusine coracana), which were found to be 80, 83, 83, and 89, 
respectively. 

Pulses. — Of the pulses studied iu this investigation, dhal arhar (red gram) 
stands highest in biological value (72). Niyogi et al. (1931a) reported a value of 74 
for the proteins of this pulse. Miller and Bobbins (1936) have found by growth 
experiments that dhal arhar (red gram) is deficient in cystine and tryptophane. 

The value obtained in the case of horse gram (66) corresponds to that recorded 
by Niyogi et al. (19315). In the present study the proteins of black gram and 
Bengal gram were found to be of equal value (62) ; Niyogi et al. (19315’, 19325) 
reported 78 and 64, respectively. The proteins of cow gram and field beans were 
found to have a low biological value of 45 and 41, respectively. These figures are 
lower than those of Niyogi et al. (19315, 1932a) which were 72 and 57. 

The biological values of the pulse proteins so far studied by the author range 
themselves in the following descending order : red gram, horse gram, black gram, 
Bengal gram, soya bean, green gram, cow gram, field beans, and lentil. 

Nuts and oil-seeds. — The proteins of nuts and oil-seeds appear to be superior 
to those of pulses and perhaps comparable to those of meat and fish. Eddy and 
Eckman (1923), comparing pea-nut protein with meat protein, concluded that 
‘ when the protein supplementing power of pea-nut flour is compared with that of 
muscle proteins by feeding rations so constituted as to contain only about 10 per 
cent of protein, 6 to 7 per cent of this protein being contributed by wheat flour and 
the rest by pea-nut flour or meat residues, respectively, and when these rations are 
further supplemented with 3 per cent of butter-fat, 4 per cent salts, and brought to 
nearly equal calorie values per gramme, the pea-nut flour proves slightly superior 
to meat as a growth producer and markedly superior for promoting reproduction ’. 

• Of the four nuts and oil-seeds investigated, the proteins of coco-nut have the 
highest biological value (77). Mitchell and Villegas (1923), on the other hand, 
obtained a lower biological value of 58. In the work of Johns, Einks and Gersdorfi 
(1919) coco-nut protein was found by feeding experiments to furnish all the essential 
amino acids. Sherman (1933) observes, regarding the proteins of coco-nut, that 
‘ since the chemical composition shows it to be fairly high in lysine, it should be of 
value as a supplement to the grain proteins. Its lysine content of about 6 per cent 
gives it rank in this respect somewhat below the milk proteins and about equal to 
the proteins of egg, meat, fish, and gelatin 

The proteins of cashew-nut are also of high biological value (72). Chatterji 
(1930) found that cashew-nut proteins produced good growth in young rats, while 
Damodaran and Sivaswamy (1936) showed by chemical analysis that the chief 
protein of cashew-nut is a biologically complete protein. The proteins of gingelly 
seeds have not been investigated before. A fairly high biological value of 67°was 
obtained. The proteins of ground-nut were found to have a lower biological value 
(57) than the other three nuts. Pian (1930) and Mitchell et al. (1936), using youncr 
rats, reported biological values of 58 and 59, respectively ; but Eddy and Eckman 
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(loc. cit.) found that the proteins of a mixture of wheat and ground-nut supported 
slightly better growth than that produced by a mixture of wheat and mutton 
proteins. Shiba and Koyama (1923) found pea-nut protein somewhat more efficient 
for growth than soya-bean protein. 

Vegetables . — In the previous communication (iSwaminathan, loc. cil.) the 
biological values of the proteins of five vegetables were reported. It was found that 
in general vegetables contained proteins of fairly high biological value. In the 
present investigation it was found that sesbania leaves contain proteins of good 
quality, with a biological value of 64. The proteins of cluster beans were found 
to have a lower biological value (51) ; in this respect cluster beans resemble other 
beans such as field beans, navy beans, etc. 

Skinwied milk powder . — The proteins of skimmed milk powder have been the 
subject of numerous investigations in the past. Mitchell et al. (1924, 1926, 1935) 
have studied this problem by the balance-sheet method using young rats. They 
obtained values varying from 82 to 85 when this level of protein intake was 
10 per cent. In the present investigation adult rats were used, and biological 
values of 89 and 83 were obtained at 5 and 10 per cent levels of protein intake, 
respectively. 


T^ble IV. 


The available or net protein content of the foodstuffs investigated. 


Name of foodstuff. 

. 

Moisture, 
per cent. 

‘ Crude 
protein 
per cent. 

Level of 
protein 
hitake, 
per cent. 

Biological 
value, 
per cent. 

Digestibi- 
lity co- 
efficient. 

Available 
or net 
protein 
content, 
per cent. 

Italian millet 

11-23 

10-02 

5 

77 

91 

7-02 

Beng.al gram 

11-20 

22-10 

10 

62 

86 

11-78 

Black gram 

10-87 

23-50 

10 

62 

78 

11-36 

Cow gram 

12-00 

24-12 

10 

45 

78 

8-47 

Field beans 

9-60 

24-63 

10 

41 

76 

7-67 

Horse gram 

11-81 

22-12 

10 

66 

73 

10-65 

Dial arhar (red gram) 

12-52 

22-65 

10 

72 

75 

12*23 

Coco-nut de-fatted powder . . 

4-16 

16-20 

10 

77 

94 

11-73 

„ fresh . . 

36-28 

4-47 

10 

77 

94 

3*2i 

Cashew-nut de-fatted powder 

3-45 

31-77 

10 

72 

90 

20-59 

„ fresh 

5-89 

21-19 

10 . 

72 

90 

13-73 


Tie figures given for materials described as fresh are calculated from the data obtained with t 
de- fatted materials. 
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Table lY~condd. 


Name of foodstuff. 

Moisture, 
per cent. 

‘ Crude 
protein 
per cent. 

Level of 
protein 
intake, 
per cent. 

Biological 
value, 
per cent. 

* 

Digestibi- 
lity co- 
efficient. 

Available 
■ or net 
protein 
content, 
per 'cent. 

Cmgelly seeds de-fatted powder 

3-12 

28-98 

10 

67 

85 

16-50 

„ fresh 

5-08 

13*33 

10 

67 

85 

10-44 

Ground-nut de-fatted powder 

to 

do 

45-73 

10 

57 

90 

23-46 

„ fresh 

7-92 

26-72 

. 10 

57 

90 

13-71 

Cluster beans dry powder . . 

8-30 

19-46 

5 

51 

73 

7-24 

„ „ fresh 

82-45 

3-67 

5 

51 

73 

1-37 

Sesbania leaves dry powder . . 

8*24 

31-85 

5 

64 

85 

17-33 

„ fresh . . 

76-83 

8-40 

6 

64 

85 

4'55 

Skimmed milk powder 

4-10 

38-04 

10 

83 

90 

28-42 

if ft ft • • 

4-10 

3804 


89 

90 

30-47 


The figures given for materials described as fresh are calculated from the data obtained with the 
de-fatted materials. 


The net or available protein content of the foodstuffs . — In Part I of this series 
the ‘ available or net protein content ’ of 13 foodstuffs investigated was given, and 
the importance of this co-efficient was discussed. The available or net protein 
content of the foodstuffs studied in this investigation is given in Table IV. It may 
be pointed out that the figure for ‘ net protein content calculated according to the 
usual method, may vary with the level of protein intake. For example, in the 
case of skimmed milk powder, which contains 38-04 per cent of ‘ crude protein ’, 
30-47 per cent is ‘ available ’ when the level of protein intake is 5 per cent and 
only 28-42 per cent when the level of protein intake is 10 per cent. With the 
lower^ level of protein intake the biological value and hence the ‘ available or net 
protein ’ is higher. 


Summary. 

1. The biological value and the digestibility co-efficients of 14 common food- 
stuffs have been determined by the nitrogen-balance method using adult rats. 

2. The proteins of Italian millet were found to be superior to those of wheat 
and slightly inferior to those of rice, ragi, cambu, and cholam, the biological value 
and digestibility co-efficient obtained being 77 and 91, respectively. 

3. At a 10 per cent level of protein intake, the ’digestibility co-efficients and 

biological values of the proteins of the six pulses investigated were as follows • 
dhal arhar (red gram), 75 and 72 ; horse gram, 73 and 66 ; black gram 78 and 62 • 
Bengal gram, 86 and 62 ; cow gram, 78 and 45 ; and field beans, 76 and 41. ^ ’ 
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4. At a 10 per cent level of protein intake the same values for the proteins 
of four nuts and oil-seeds were : coco-nut, 94 and 77 ; cashew-nut, 90 and 72 ; 
gingelly seeds, 85 and 67 ; and ground-nut, 90 and 57. 

5. At a 5 per cent level of protein intake, the values of the proteins of two 
vegetables were : sesbania leaves, 85 and 64 ; and cluster beans, 73 and 51. 

6. The digestibility co-efficiciits and the biological values of the proteins 
of skimmed milk powder at two levels of protein intake were as follows : at a 
5 per cent level of protein intake, 90 and 89 ; at a 10 per cent level of protein 
intake, 90 and 83. 

7. The ‘ available or not protein content ’ of the 14 foodstuffs investigated 
were also calculated. 
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THE EELATIVE VALUE OF THE PEOTEINS OF CEETAIN 
FOODSTUFFS IN NUTRITION. 

Part IV. 


SUPPLEMENTARY VALUES : STUDIED BY (A) THE BALANCE- 
SHEET jllETHOD, USING ADULT RATS, AND (B) THE 
GROWTH METHOD, USING YOUNG RATS. 


BY 

M. SWAMINATHAN., 

{Nulrition Research Laboratories, I. B. F. A., Coonoor, S. India.) 
[Received for publication, June 30, 1937.] 


Since the biological value of protein largely depends on its amino-acid com- 
position, the proteins of two or more foodstulis may be able to supply one another’s 
deficiencies, so that a mixture containing equal quantities of two proteins may 
have a higher value than the arithmetical mean of their individual biological 
values. The total protein in an ordinary diet consists of a mixture of 
proteins derived from foodstuffs of both vegetable and animal origin. Previous 
papers have described investigations on the biological value of the proteins 
of common Indian foods (Swaminathan, 1937a, 6, c). It was felt important 
to follow up this work by the study of the effect of various proteins in supple- 
menting each other. In this investigation particular attention has been given to 
supplementary relations between the proteins of rice and those of other common 
foods. 


(A) Experiments by the balance-sheet method. 

Only a few investigations of the supplementary relations between various 
proteins have been made by the nitrogen balance-sheet method. McCay (1912) 
worked out the ‘ co-efficient of absorption ’ of the mixed proteins in various Indian 
diets by subtracting the nitrogen lost in the feeces from the nitrogen intake. In 
his experiments, no account was taken of the loss of food nitrogen in urine, which 
is generally greater than the fecal loss and hence more important. Mitchell (19‘>4) 
and Mitchell and Carman (1926) demonstrated that the proteins of milk supplement 
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those of maize, and that a supplementary relation exists between the proteins of 
white flour and those of milk, eggs, veal, and beef. Adolph and Cheng (1935) 
studied the supplementary relationship between the proteins of certain cereals 
and pulses, viz., wheat, maize, millet, soya bean, cow pea, and kaoliang by the 
nitrogen balance-sheet method, and found that the proteins of a mixture of maize, 
millet, and soya bean had, among other mixtures tested, the highest biological 
value (S3). Lan (1936), on the other hand, could not confirm the findings of Adolph 
and Cheng {loc. cit.), obtaining a lower value (73). 


Experimental. 

The composition of the foodstuft's and diets used are shown in Tables I 
and II. With the exception of soya bean, the pulses used were husked. The 
level of protein intake was kept at approximately 8 per cent, 4 per cent beiug 
derived from rice and 4 per cent from the various pulses and skimmed milk 
powder. In one experiment a mixture of vegetable foodstuffs was investigated 
(diet No. 1). The methods employed were the same as those described in a 
previous communication (Swaminathan, 1937a). The data regarding the 
metabolism experiments and the calculation of the biological values are given 
in Table III. 


Table I. 

Moisture and ‘ crude protein ’ content of the foodstuffs used. 


Name of foodstuff. 

1 

1 

1 Botanical names. 

Moisture 

present. 

‘ Crude protein ’ 
(N X 6-25), 
per cent. 

Raw milled rice 

Oryza saliva 

12-96 

6-65 

Red gram (DJial arliar) 

Gajanus indicws 

12-84 

i 

* 22-24 

Soya bean 

Glycim Mspida 

S-08 

40-40 

Bengal gram 

Gicer arielinum 

12-20 

22-48 

Black gram 

Phaseoliis munyo 

10-87 

24-12 

Green gram 

Phaseolus radialus 

10-42 

23-80 

Skimmed milk powder 


4-10 

38-04 


Table II. 

Percentage composition of the diets. 
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Table II — concld. 

Percentage composition of diet No. 1. 


Raw milled rice . . 

# * 

60-0 

Red gram 

•• 

10-0 

Black gram 

•• 

10-0 

Powdered amaranth 

leaves . . 

2-0 

Powdered brinjal {Solaniiin 
vielogena). 

4-0 

Coco-nut powder 


3’2 

Salt mixture 

•• 

4-0 

Calcium carbonate 

•• 

0-8 

Gingelly oil 

•• 

13-0 

Cod-liver oil 


3-0 

Percentage of N (dry 

weight) 

1-686 

' Crude protein ’ (N X 0’25) 
dry weight. 

10-54 


Note . — The amaranth leaves powder, 
brinjal powder, and the coco-nut powder used 
were the same as those used in tlio previous 
experiments. 




Table III. 

Nitrogen metabolism and biological values. 

{Figures of intake and excretion represent daily averages.) 
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Average . 
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Average 



{Figures of intake and excretion represent daily averages.) 
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Table III — contd. 

{Figures of intake and excretion represent daily averages.) 



Averagi 
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15-33 . . 63-C 18-1 


Table ll\—contd, 

(Figures of intake and excretion represent daily averages.) 
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OSUJOA 


(Figures of intake anil excretion represent daily averages.) 
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Discussion. 

In previous investigations (Swaminathan, 1937a, b, c) the biological values of 
the proteins of various cereals, pulses, nuts, oil-seeds, and of skimmed milk powder 
were determined. The level of protein intake was kept at approximately 5 per 
cent in the diets containing the cereals and vegetables, and at 10 per cent in those 
containing the pulses, nuts, oil-seeds, and skimmed milk powder. In the present 
study the level of protein intake was kept at approximately 8 per cent, 4 per cent 
of which was derived from the cereals and 4 per cent from the pidses or skimmed 
milk powder. The experiments fall into two groups ; in the first group proteins 
contained in two foodstuffs (4 per cent from the cereals and 4 per cent from the 
pulses or skimmed miUc powder) were tested : in the second group protein con- 
tained in three foodstuffs (4 per cent from the cereals, 2 per cent from the pulses, 
and 2 per cent from skimmed milk powder). 

Gkoup I. Proteins from mixtures of two foodstuffs. — Of the six mixtures 
investigated (rice and skimmed milk powder, rice and red gram, rice and soya bean, 
rice and black gram, rice and Bengal gram, and rice and green gram) the proteins 
contained in the rice and skimmed-milk-powder mixture were found to possess the 
highest biological value (80). Next in order of merit came the proteins of the 
mixture of rice and red gram, the biological value obtained being 76. In the case 
of other four mixtures biological values vrere as follows : rice and soya bean, 
68 ; rice and Bengal gram, 66 ; rice and black gram, 61 ; and rice and green 
gram, 56. 

Group TI. Proteins from mixtures of three, foodsttffs. — In the five diets 
containing proteins from mixtures of rice and different pulses (whose biological 
values were determined in the first group of experiments), 2 per cent of the pulse 
proteins were replaced by an equal percentage of protein from skimmed milk 
powder. It was found that the proteins contained in the mixture of rice, red 
gram, and skimmed millc powder had the highest biological value (90). Next m 
order of merit came the proteins of the mixture of rice, soya bean, and skimmed 
milk powder, the biological value obtained being 86. The biological values of the 
proteins of the other mixtures tested were as follows : rice, black gram, and 
skimmed milk powder, 80 ; rice, Bengal gram, and skimmed milk powder, 79 ; 
rice, green gram, and skimmed milk powder, 77. Lower values were obtained tor 
the proteins of the simple mixtures of rice and pulses, as indicated in the 
previous paragraph. It is evident from these results that the replacernent ot 
2 per cent of pulse proteins by an equal percentage of proteins from .skimmed 
milk powder enhanced the biological values of the vegetable proteins in all the 
five cases. 

The biological value of the protein mixture contained in diet No. 1, which 
included six vegetable foodstuff’s, was high (82), being equal to that of the nee 
and skimmed-milk diet. 


(B) Experiments using the growth method. 

In the previous section, an investigation of the supplementary values^o f^the 
proteins contained in mixtures of rice with various pulses and skimme 
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powder was reported; in these experiments the nitrogen balance-sheet method 
was followed and adult rats were employed. In the present experiments the 
biological values of the same mixtures have been studied by the growth method 
using young rats. 

The growth method has been extensively used in determining the 
supplementary values of the proteins of different foodstuffs (McCollum and 
Simmonds, 1921 ; Hoagland and Snider, 1927 ; Kon and Markuze, , 1931 ; 
Markuze, 1934; Adolph and Cheng, he. ciL; Swaminathan, 19376). Though 
numerous instances of supplementary relations between animal proteins and 
vegetable proteins have been discovered, only a few examples of supplementary 
relations between proteins of vegetable origin are known. No work has hitherto 
been carried out on the effect of rice and pulse proteins in supplementing each 
other, nor has the value of skimmed milk proteins fed in combination with rice 
and pulse proteins been studied by the growth method. 


Experimental. 

The composition of the foodstuffs and diets used was similar to those described 
in the first section of the paper. The technique employed was the same as that 
described in Part II of this series (Swaminathan, 19376). The results of the growth 
experiments and the biological values calculated therefrom are given in Table IV. 

The average weekly increase in body-weight and the values of ^ are given in 
Tables V and VI respectively. 


Discussion. 

The level of protein intake in the diets was kept at approximately 8 per cent, 
4 per cent of which was derived from rice and 4 per cent from the pulses or 
skimmed milk powder respectively or pulses and skimmed milk powder in equal 
quantities. The experiments were divided into two series. The diets fed to the 
rats in Series I contained proteins from mixtures of two foodstuffs, while the 
diets in Series II contained proteins from mixtures of three foodstuffs (4 per 
cent from rice, 2 per cent from the pulses, and 2 per cent from skimmed 
milk powder). In conformity with the previous investigations dealing with 
maintenance experiments, the replacement of 2 per cent of pulse proteins by an 
equal amount of milk proteins enhanced to a great extent the value of the 
vegetable proteins for growth. 

Series I. Diets containing proteins from mixtures of tivo foodstuffs. Of the 

six diets investigated in this series, the diet containing the proteins of rice and 
skimmed milk powder^was found^to produce the maximum growth, having a biolo- 

rice and 
8 weeks, 
were as 
ind soya 


giea.1 vaiuc ui x o<j. lu oruer or merit came tne mixed proteins oi 

green gram, the biological value obtained being 1-29 during a period oi 
The biological values obtained for the proteins of the other four diet' 


— JT VUAXCJ. xVJt 

follows ; rice and red gram, 1-26; rice and Bengal gram, 1-21 
bean, 1-13 ; and rice and black gram, 1T2. 


rice 












Table IV — contd. 

Biological value of the mixed 'proteins of rice and soya bean, and rice and Bengal gram, respectively. 
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Average 

biological 

valae. 

. 1-32 

. 1-13 

CO 

1-21 

' 


I 

Biological value 
gain in body-weight, g. 

protein intake, g. 

1-12 

1-15 

1-50 

1-49 

0-99 

0- 92 

1- 24 

1-36 

1-58 

1-60 

1-49 

1-55 

O O 

O o 

fH iH iH PS 

Protein 

intake, 

g- 

25-79 

27-83 

22-06 

20-07 

50-55 

64-67 

42-72 

40-42 

' 

20-29 

20-63 

20-19 

20-61 

44- 18 

43-98 

45- 00 

45-98 

Food 

intake, 

g- 

306-3 

330-5 

262-0 

238-4 

CO. o 

O <3> ^ O 

O O 00 

CO O lo T}1 

I> q> i{5 t;;- 

i-H cb pH 

>jO U? 

(N (N CN M 

o ^ 

O i> C5 *H 

CO CO <o 

»o lo lo 

Gain in 
body- 
weight, 

ft 
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32 
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O O CO lo 
lO 
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45 
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47 
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body- 

weight, 
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1-H CO IC5 ' 

o o o oc 
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CO lo f-* 

O Oi CO Oi 

lO 00 

O rH r-. 

pH iH pS M 

Initial 

body- 

weight, 

g- 
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59 

65 

55 
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59 
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Ol O ic 

<o <o o 

62 

60 

55 

65 

Source and 
percentage 
of protein 
in the diet. 





Rice and 
soya bean 
8-fe per’ 
cent. 

Rice and 
soya bean 
8-42 per' 
cent. 

Rice and 
Bengal 
gram 8-19 ' 
per cent. 

Rice and 
Bengal 
gram 8-19 ' 
per cent. 

Duration of 
experimental 
period, days. 

- 1 



■ ' ■" — - 

28 

56 

28 

CO 

iO 

Kat number 
and sex. 
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Table lY—contd. 

Biological value of the proteins of mixtures of rice and black gram, and rice and green gram, respectively. 
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Table IV — conoid. 

Biological value of the proteins of a mixture of rice, green gram and shininied milk powder. 
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Average 

biological 

value. 
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Biological value 
gain in body-weight, g. 

protein intake, g. 

1 

CO Ci 

cp cp O O 
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Protein 

intake, 
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C5 CO 
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Table V. 

Average weeJcly increase in body-weigM during a ‘period of 8 'weeks 
at an 8 'per cent level of protein intake. 


Sources of protein in iliet. 

Average weekly 
increase in 
body-weight, 



O* 

Sebies 1. 



Raw milled 

rice and skimmed milk powder 

12-6 


„ „ green gram .. 

7-5 

n n 

,, „ red gram 

7-4 

♦ » >> 

„ Bengal gram 

6-8 

f* 

„ „ soya bean 

6'5 

ff ft 

,, „ black gram . . . . 

6-9 

Series 2. 



Raw milled 

rice, green gram and skimmed milk 
powder. 

10-9 

ty 

„ Bengal gram and skimmed milk 
powder. 

9-9 

ty it 

„ red gram and skimmed milk 
powder. 

8-3 

f> t* 

„ black gram and skimmed milk 
powder. 

8-3 

» yy 

„ soya bean and skimmed milk 
powder. 

7-3 
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gieen gram, and skimmed 1-89 , 1'56 2-47 2-04 4-67 3-18 

iniJk poivder. i 
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Series II. Diets containing proteins from miviures of three foodstuffs. — Of the 
five diets investigated under this series, the mixed proteins of rice, green gram, and 
skimmed milk powder were found to be the best, having a biological value of 2-04, 
while the value obtained for the proteins of rice and green gram was only 1-29 ; 
hence it is evident that milk proteins form an excellent supplement to the proteins 
of rice and green gram. The biological values of the mixed proteins of the other 
four diets investigated were as follows : rice, Bengal gram, and skimmed Tnill- 
powder, 1-89; rice, red gram, and skimmed milk powder, 149; rice, black 
gram, and skimmed milk powder, 1'39 ; and rice, soya bean, and skimmed 
milk powder, 1'33. These figures are higher than those obtained for the proteins 
of mixtures of rice and pulses. 


Increase in body-weight and biological value. 

The average weekly increase in body-weight during a period of 8 weeks 
with the different diets is shown in Table V. The greatest increase (12'6g.) 
was obtained with the mixed proteins of rice and skimmed milk powder, and 
the smallest (5 '9 g.) with the mixed proteins of rice and black gram.. Taking 
weight increase as the sole criterion of biological value, the mixed proteins 
investigated in these experiments would range themselves as follows in 
descending order of merit : Series I : rice and skimmed milk powder ; rice 
and green gram ; rice and red gram ; rice and Bengal gram ; rice and soya 
bean ; and rice and black gram ; Series 11 : rice, green gram, and skimmed milk 
powder ; rice, Bengal gram, and skimmed milk powder ; rice, red gram, and 
skimmed milk powder ; rice, black gram, and skimmed milk powder ; and 
rice, soya bean, and skimmed milk powder. The conclusions so arrived at 
are in agreement with the biological values assessed by the standard growth 
method based on the relation between increase in weight and protein intake. 
The growth curves are shown in Figs. 1 and 2. 


Biological values and the values of 

The value of ^ may represent more completely the relative values of 
different proteins in nutrition than the biological values obtained by the growth 
method, since it is a product of the biological value -p and the average daily 

increase in body-weight The values of have been calculated for the W 

periods of first i weeks and 8 weeks respectively, and are shown in 
along with the corresponding biological values and the average daily mere 

body-weight. The average values of ^ obtained during 8 weeks are 

general correspondence with the biological values. , 

Supplementary values of proteins for maintenance versus growth. ^ : Jlgjjance 
this series (Swaminathan. Iddlb) the relative protein requirements or a 
versus growth were discussed. The results obtained in the earher V V 
I and II) with the proteins of single foodstuffs were in general m ac 
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the views expressed by Sherman (1933) that ‘ it is quite reasonable to suppose that 
proteins of different efficiency for growth may show much more nearly equal 
efficiency in the normal maintenance nutrition of adults ; though it is also true, 



Pig. 1. Showing average increase in weight of groujjs of rats receiving proteins from 
mixtures of two foodstufis. 


SO far as is known, that the proteins more efficient for growth are likewise more 
efficient for maintenance 

The protein mixture investigated may be broadly divided into three groups 
as regards the biological values (Table VII). Qrowp 1 : containing proteins which 
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have a high efficiency for maintenance as for growth, the important examples beint^ 
the following ; (1) rice and skimmed milk powder ; (2) rice, red gram, and skimmed 
milk powder ; _ (3) rice and red gram ; (4) rice, soya bean, and skimmed milk 
powder ; (6) rice, black gram, and skimmed milk powder ; and (6) rice, Bent^al 
gram, and skimmed milk powder ; Group II : containing proteins more efficient 



Fia. 2. Showing average increase in weight of groups of rats receiving proteins from 
mixtures of three foodstuffs. 


for growth than for maintenance, examples being the following : f^ce an 

green gram ; (2) rice, green gram, and sldmmed milk powder ; and Grmp r j 
containing proteins more efficient for maintenance than for growth, mcJu Dq 
the following : (1) rice and soya bean ; (2) rice and Bengal gram ; aud ( / 
and black gram. 
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Table VII. 


Values for maintenance and for ‘ grotvth and maintenance ’ compared. 



Sources of protein in the diets^ 

Biological value 
for maintenance 
measured by the 
nitrogen balance 
method (per 
cent). 

Biological value 
for growth and 
maintenance 
measured by the 
growth method 
during 8 weeks. 

Semes 1. 




Raw milled rice and skimmed milk powder . . 

SO 

1-86 


i* it 

„ rod gram 

76 

1-26 

» 

>9 

„ soya bean 

68 

M3 

>» 

>t it 

„ Bengal gram 

66 

1-21 

ii 

*> >» 

„ black gram . . 

61 

M2 

)) 

Sebies 2 


„ green gram . . 

59 

1-29 

Raw milled rice, 

red gram, and skimmed milk 
powder. 

on 

R40 


it ti 

soya bean, and .skimmed milk 
powder. 

86 

1-33 

It 

♦ * it 

black gram, and skimmed 
milk powder. 

80 

1-39 . 

” 

it it 

Bengal gram, and skimmed 
milk powder. 

79 

1-89 

tt 

it tt 

green gram, and skimmed 
milk powder. 

77 

2-04 


Conclusions. 

In^o far as tests of biological values, concerned with the maintenance of nitro- 
genous equilibrium in adult rats and the growth and maintenance of young rats, 
are applicable to human nutrition, the following conclusions of practical importance 
may be suggested : — 

_ Large quantities of animal proteins (e.g., milk proteins) are not required to 
raise the biological value of the proteins of a diet based on rice and other 
vegetable foods. Small amounts are of supplementary value. 

The mixture of proteins contained in a suitable diet of solely vegetable origin 
may be of high biological value. o o 
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Summary. 

.Section A. 

(1) The biological values and digestibility co-efficients of the proteins from 
mixtures of rice, pulses, and skimmed milk .powder have been determined by the 
nitrogen balance-sheet method for ‘ maintenance ’ in adult rats at an 8 per cent 
level of protein intake. The figures obtained with mixtures of two proteins were as 
follows : rice and skimmed milk powder, 80 and 89 ; rice and red gram, 76 and 81 : 
rice and soya bean, 68 and 84 ; rice and Bengal gram, 66 and 85 ; rice and black 
gram, 61 and 82 ; and rice and green gram, 56 and 90, respectively. 

(2) The same values for the proteins of mixtures of three foodstuffs were as 
follows : rice, red gram, and skimmed miUc, 90 and 87 ; rice, soya bean, and 
skimmed milk, 86 and 93 ; rice, black gram, and skimmed milk, 80 and 92 ; rice, 
Bengal gram, and skimmed miUc, 79 and’ 96 : rice, green gram, and skimmed 
milk, 77 and 95, respectively. 

(3) At a 10 per cent level of protein intake, the biological value and.the digesti- 
bility co-efficient of the proteins of a mixed vegetarian diet (rice, red gram, black 
gram, amaranth leaves, brinjal, and coco-nut) were found to be 82 and 92, 
respectively. 


Section B. 

The relative supplementary values of the mixed proteins of rice, certain pulses, 
and skimmed milk powder for ‘ growth and maintenance ’ have been studied by 
the growth method using young rats. The values obtained at an 8 per cent level 
of protein intake during a period of 8 weeks were as follows : (a) mixtures of two 
foodstuffs : rice and skimmed milk, 1*86 ; rice and green gram, 1'29 ; rice and red 
gram, 1'26 ; rice and Bengal gram, 1’21 ; rice and soya bean, 1T3 ; rice and black 
gram, 1T2 ; (6) mixtures of three foodstuffs : rice, green gram, and skmuned millc, 
2‘04 ; rice, Bengal gram, and skimmed millr, 1’89 ; rice, red gram, and skimmed 
milk, 1'49 ; rice, black gram, and skimmed milk, 1’39; ,rice, soya bean, and 
skimmed milk, 1-33. 
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Fats form an important source of energy in the diet and they are more effective 
for this purpose than either proteins or carbohydrates. The importance of their 
dietetic value has received much less attention at the hands of the investigators 
than other food constituents and is consequently less well understood. It is 
generally assumed that fats are normally well assimilated, and that they do not 
vary much in this respect to affect materially the amount of energy which the body 
receives from them. It has also been suggested that thoroughness of digestion of 
fats is related to their melting points, those having melting points above the body 
temperature being not quite so thoroughly assimilable (Langworthy, 1923). The 
digestibility co-efficients of hydrogenated oils of different melting points are, 
according to Holmes and Deuel (1921), inversely proportional to the degree of 
hardness. Recently, contrary to the findings of Langworthy (Zoc. cit.), Steenbock 
et al. (1936) have shown from in vivo experiments that there exists a real difference 
in the absorption rates of various vegetable and animal fats. 

In India butter-fat is very extensively used as an article of food. The vegetable 
oils like sesame, ground-nut, mustard, mahua, or coco-nut are also much in use for 
edible purposes throughout India. Indeed, the vegetarian population in India 
has no other source of material for the supply of fat except ghee (clarified butter 
from cow, buffalo, or goat) and vegetable oils. 

Because of the wide differences in chemical composition and physical 
characteristics of the various fats, the question naturally arises regarding their 
relative digestibility. Godbole and Sadgopal (1930) have classified fats into four 
groups depending on their digestibility and absorbability by the system, viz., 
(i) butter-fat ; (ii) coco-nut oil j [Hi) other oils rich in oleic glycerides such as 
sesame and safflower oils ; and {iv) animal fats and hydrogenated oils of vet^etable 
and animal origin. ° 


{ 427 ) 



428 


Tlelatwe D/fjestibililies of Edible Fats by Lipases. 


In the ])rescut investigation a study of the relative digestibilities of the edible 
fats has been made using lipases from vegetable (castor seed) and animal (pancreatic) 
sources, and simulating as far as possible tlie body conditions of temperature, H-iou 
concentrations, etc. It was thought that if wide diflerences in the hydi’olysis of 
butter-fat on tlic one hand and other oils on the other were obtained, a method- 
could be evolved for the detection of adidteration of ghee with other fats by the 
enzymic hydrol^'sis method. The results presented here may prove of consider- 
able value in tlirowing light on the complexity of the problem and in e.xplain- 
mg some of the conflicting rcsidts of previous workers. Since the experimental 
techniques employed with castor-seed and pancreatic lipases vary greatly, the 
experimental portion has been, for convenience, divided into two parts. 


Expekijient.il. 


Part L Diycslion of fats by castor-seed lipase. 


The fats selected for the investigation were butter-fat (both cow and buffalo), 
coco-nut, sesame, and ground-nut oils. The oils were prepared in the laboratory 
from cleansed seeds by crushing. The oils were then neutralized, soaps washed 
off, and the suspended impurities removed by filtering through Fuller’s earth. 

The enzyme material was prepared from a good variety of castor beans {Riciinis 
communis) by the method outlined by Longnecker and Haley (1935). 


1. Determination of activity . — For the determination of activity, a series of 
test-tubes (6" x \") was sot up each containing 2-0 g. of the fat under test, Od g- of 
the active lipase material, and three drops of toluene to prevent bacterial action. 
The hydrolysis was started by the addition of I'O c.c. of BI-5 acetic acid-sodiuni 
acetate buffer, which acts as the activator for the castor -seed lipase. As soon as 
the buffer Avas added, the reaction mixture was emulsified by vigorous shaldng for 
exactly three minutes. The tubes were then kept in a thermostat maintained at 
35'’±0'1°C. Suitable blanks were always run along Avith the reaction mixtures. 
After a definite period of hydrolysis tlie reaction mixture Avas poured into 50 c.c. 
hot 95 per cent alcohol Avhich served to check the enzymic action and the free fatty 
acids in the mixture, produced as a result of hydrolysis, Avere titrated Avith Od A 
alkali using phenolphthalein as indicator. 

The extent of digestion Avas measured in terms of c.c. of O'l N alkali required 
to neutralize the fatty acids formed after a IrnoAvn interval. The results in tlie 
folIoAving tables represent averages of duplicate determinations Avhich gentyaliy 
agreed closely. The starting time for each experiment Avas the time of addition ox 
the buffer to the reaction mixture. 


2. Effect of pH on the hydrolysis of fats . — The optimum pH for the hydrolysis 
by, castor-bean lipase has been found by Haley and Lyman (1921) to lie at pH ‘1 » 
to 4-8, Avhile Guillemet (1931) stated that the value for the optimal pH depends on 
the nature of the buffer employed. The latter author suggested that the amonn 
of albuminous matter accompanying the lipase plays an important role. 

Since the object of the present investigation was to compare the digestibility 
of butter-fat with other oils, it Avas considered necessary to determine the optimum 
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pH for the digestion of butter-fat using acetic acid-sodium acetate buffer to control 
tlie pH of the reaction mixture. The results are presented in Table I ; — ^ 


Tabi-k I. 

Relation between H-ion concentration and digestion of butter-fat by castor- 

seed lipase. 


pH:- 

3-2 

1 

3-4 1 

3-7 

4-2 4-4 

4-6 ' 4-8 

1 5-0 

! 


c.e. of 0-1 N atkaii required to neutralize fatty acids. 

a 

30 minutes’ hydrolysis . 

1 

15-70 

15-.50 

16-40 

18-15 1 19-1 

1 

1 

14-95 ' 2-65 

0-60 

60 minutes’ hydrolysis . 

17-8.') 

1 

ry-15 

j 20-05 

22-25 1 22-4 

1 

17-90 8-35 

0-95 


The results show that the optimum pH lies between 4-2 and 4'4. In the 
subsequent determinations of digestion the pH was therefore always adjusted 
to 4'2. 

3. Relative rates of digestion of fats. — The results of the relative digestibi- 
lities of ghee and other edible oils are represented graphically in Fig. 1. 

It is seen that there is a marked difference in the degree of digestibility of the 
different fats, the order of the ease with which the fats are decomposed by castor- 
bean lipase being butter-fat, coco-nut oil, sesame oil and ground-nut oil, the last 
two oils being digested almost to the 'same extent. 

An observation of interest is that the course of the hydrolysis of butter-fat is 
quite different from those of other oils. The course of butter-fat hydrolysis with 
time is linear till a considerable portion of the fat has been hydrolysed, while in 
case of the other oils the rate of hydrolysis slows down even from the beginning. 
This peculiar difference in the rates of hydrolysis of butter-fat and other oils may 
be ascribed to difference in their chemical composition. It is well known that 
butter-fat differs essentially in composition- from all other oils and fats in having 
a large percentage of steain-volatile and water-soluble fatty acids. It is therefore 
likely that the difference in the digestibility of ghee and other oils may be due to 
the differences in the specificity of castor-seed lipase for the water-soluble and 
steam-volatile fatty acids on the one hand jind insoluble fatty acids on the other. 
The difference in the digestion curves may also perhaps be accounted for by a true 
equilibrium with the synthetic reaction. This would probably mean that in the 
hydrolysis of butter-fat, the synthetic reaction is not so pronounced as it is in 
the case of other oils. This suggestion is borne out by the observation of Velluz 
(1934) who, investigating the synthesis of esters by the lipase of castor beans, 
found that when the lipase was added to equimolecular mixtures of alcohol and 
fatty ^ acids and incubated at 37 C. no saponification occurred with any acids 
containing less than- seven carbon atoms in a straight chain,. Thus, butyric' and 
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physical state of the eiuynie and associated substances, {h) the pH of the mediunj, 
and (c) the proper cmulsidcation of the digestion mixture. A rigorous coutroi 
of these factors is, therefore, necessary in order to obtain accurate and readily 
reproducible experimental results. In the present investigation an attempt has 
been made to control all these factors, by simulating, as far as possible, the 
optimum body conditions of temperature, H-ion concentration and fat emulsifica- 
tion. The primary purpose was, therefore, (i) to determine the optimum conditions 
for the digestion of each individual fat by pancreatic lipase ; (ii) to study 
the relative digestibility of the fats under the optimum conditions so obtained; 
and (Hi) to investigate the function of the bile salts on the digestion of the 
various fats. 

The pancreatic lipase was prepared from fresh pig pancreas. The adhering 
fat was removed as far as possible and the jmnereas macerated well in a mortar. 
The pancreas was then treated with acetone, acetone-ether, and finally with ether 
in a manner similar to that described by Willstatter and Waldschmidt-Leitz (1923). 
The fat-free product was ground to a fine powder and kept in a desiccator. Tor 
preparing the extract 10 g. of the jjowder was triturated with 60 c.c. of 85 per cent 
aqueous glycerol, and shaken for 4 hours at room temperature (26°C.). The coarse 
particles were removed by'’ centrifuging, and the slightly turbid extract was directly 
used for the experiments. 

5. Delerminalion of uclivily. — The digestion was carried out as follows ; A 
series of test-tubes was set up each containing 2'0 g. of fat and 1 c.c. of the buffer. 
Other substances whose effect on the digestion of fats was to be tried were added 
to this mixture. Finally, 1 c.c. of the enzymiic extract was added and immediately 
shaken with the hand for 3 minutes, and kept in a thermostat at 35° ± 0T°C. _ The 
tubes were removed for titration at known intervals, and the contents quickly 
transferred to flasks containing 50 c.c. of hot 95 per cent alcohol and 10 c.c. of ethyd 
ether added (cf. AVillstatter and Waldschmidt-Lcitz, loc, cil.). The mixture ^yas 
titrated against OT N alkali using phenolphthalein as indicator. The titration 
value of a control mixture containing boiled cnzy'me but otherwise identical with 
the active digest was taken to reijresent tlie zero point. The results given are the 
mean of duplicate determinations, corrected for corresponding controls, and are 
expressed in c.c. of OT N alkali required to neutralize the fatty acids liberated m 
the reaction mixture after a definite period of digestion. 

6. Influence of H-ion concentration. — The optimum pH for the action ot 
pancreatic lipase has been determined by several workers and widely varying vmues 
have been obtained. Thus, Davidsohn (1912) found the value for optimum pH to 
be 8'0 and in a later communication (1913) he fixed the value at 8’5 as the optimum 
pH for pancreatic lipase. Eona and Bien (1914) have shown that there is an optimum 
zone over which the lipase of pancreatic extract is most active, namely horn 
pH 8-4 to pH 9-0. According to Umeda (1915) the optimum pH for the action ot 
lipase on olive oil in phosphate buffer lies at about 7'4. Rona and Pavlovic (1923) 
obtained for the optimum pH a value of 6-95 to H’O, when a saline extract of pancreas 
was used for activity determination. Willstatter and Waldschmidt-Leitz (he. 

in their researches on lipase have employed ammonia-ammonium chloride buffer 
at pH 9‘2 when using olive oil as the su))strate, and a similar buffer at pH S‘6 when 
tributyrin was the substrate. Anrep, Lush and Palmer (1925) have determmeU 
lipase activity in phosphate buffer solution at pH 7-8. Platt and Dawson (19-3) 
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liave shown that with a purified pancreatic powder containing lipase, the optimum 
j)H in phosphate and in phosphate-borax buffer solutions was 7'0 and in borax- 
iioric mixture there was an optimum zone near about 8‘4. 

It would appear from the foregoing that the pH-activity relations depend on 
several factors, such as {a) the nature of the substrate, (6) the buffer salts used, 
and (c) the presence of the associated substances. In the following experiments a 
detailed investigation of the influence, of these factors on the relationship between 
pH and lipase activity has been conducted and the results reported throw fresli 
light on the nature of the lipase and also on the process of digestion of fats in the 
animal body. 

(i) Influence of ammonia-animonium chloride (iV-10) buffer on optimum pH. 
— The reaction mLxture consisted of 2‘0 g. of fat, 1 c.c. of buffer, 1 c.c. of lipase, 
0'5 c.c. of egg albumen (1 per cent solution). Readings were taken after 30 minutes’ 
interval. The results are given in Table III : — 


Table III. 


Influence of ammonia-ammonium chloride buffer on optwium pH. 



1 

8-0 j 

1 

S-3 

S-0 

1 

8*9 

9-2 

9-5 

9-8 

10-1 

1 

ll'O 


0 . 0 . of O'l N alkali required to neutralize fatty acids. 

Cow ghet 

1 

S-0 

g-.i 

5-6 

1 

6-0 

8-5 

8-5 

10-7 

12-6 


Buffalo ghee . . 

1 

3-9 

4-7 

5-2 

6-4 

7-3 

8-6 

8-9 

9*3 1 

1 

10-4 

Sesame oil 

3-9 

1 

3-1 

1 

' 3-9 

i 

6-9 

lO-O 

13-7 

11-8 

11-8 

1 .. 

Ground-nut oil 

2-7 

3-0 

4-6 

7-9 

11-9 

1 14-1 

i 

14-6 

i 

! 13*1 

1 

, , 



1 

! 

1 

1 

! 





It is seen from these results that the optimal activity of pancreatic lipase in 
ammonia-ammonium chloride buffer lies at about pH 9-5 for sesame and »round- 
nut oils, whilst for the digestion of butter-fat there appears to be no definite 
pH optimum. 

Some preliminary experiments on the effect of addition of egg albumen, calcium 
chloride, egg albumen and calcium chloride, sodium taurocholate, etc., to ground-nut 
oil showed that addition of these substances brings about an increase in the rate 
of digestion without altering the pH activity relationship, the pH optima alwavs 
occurring at 9‘5. r- 
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(u) Influence of glycine buffer (N-IO) on j)Il oj)lima.—ln tlie followint' 
experiments, glycme buffer (N-10) of different pH values was employed in place of 
the ammonia buffer (Table IV) : — 

Table IV. 


Influence of glycine buffer. 


pH 

8-5 

.9-3 

1 1 

lO-l ' 

j ll-O 

I 11-5 

i 

12-0 

I 12-6 

12-9 

13'0 



C.C. 

of 0‘1 N alkali required to neutralize fatty acids. 


Cow ghee 

3-9 

5-G 

! 

4-6 

5-2 

5-7 

6-2 

7-4 


• • 

Seeanio oil 

5-0 


3-3 

8-3 

8-6 

11-5 

12-9 

9-7 

2-6 

Ground-nut oil 



2-9 

8-8 

7-9 

11-0 

9-9 


5-0 

Coco-nut oil . . 

■ 

6-9 

9-5 

10-7 

i 

9-8 

9-7 

10-2 

m 

6*2 

! ■ 


It will be seen from the figures that the general type of pH-activity cm’ve for 
the digestion of fats shows two maxima, one between pH 8‘5 and pH lO'O, and 
the other between pH 12'0 and pH 13‘0. This peculiar behaviour is exhibited by 
all the fats studied. The nature of these pH-activity curves is, however, altered 
when calcium chloride and egg albumen are added to the digestion mixture. 
This is indicated in the results given in Table V. The reaction mixture consisted 
of 2‘0 g. of fat, 1 c.c. lipase extract, 1 c.c. glycine buffer, 0’5 c.c. of 0‘6 per cent 
calcium chloride and 0‘5 c.c. of I'O per cent egg albumen solution. 

Table V. 


Optimum pH of fats in presence of activators and with glycine buffer. 


pH:- 

8-5 

9-3 

j 10-1 

110 

11-5 

12-0 

12-6 

12'9 

13-0 



c.c. of O'l N alkali required to neutralize fatty acids. 

- 

1 

Cow ghee 

5-4 

j 

7-5 

9*6 

9-7 

10-2 

10-8 

10-4 

IBS 

IkS 

Sesame oil 

3-0 

8-2 

13-0 

13-7 

13-7 

12-5 

7-2 

9-1 

•• 

Groimd-nut oil 

5-1 

9-0 

11-7 

10'6 

10-6 

13-5 

i 

12-7 

1 9-9 

7-9 

Coco-nut oil . . 

5-0 

7-5 

12-1 

12-4 

12-0 

12-6 

13-0 

13-3 

36 


Thus, the shape of the pH-activity curve depends not only on the nature o 
the buffer employed but also on the presence of certain substances associated vnv 
the enzyme. 
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7. Relative digestibility of fats by pancreatic lipase.— Figa. 2 and 3 indicate 
tlie digestion curves of fats by pancreatic lipase. The digestion measurements 
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Bela five- DiqeMihililies of Edible Eats -by Lipases. 


were curried out us described before at the two pH optima, 12'6 and 9'6, usin» 
glycine buft'er. In both cases the reaction mixture consisted of 2*0 g. fat, 1 c.c, 
buhter, and 1 c.c. of tlie lipase extract. 

It would be seen that butter-fat and coco-nut oil are more easily digested at 
pH 9’o than the other fats studied. The digestions of the fats at pH 12'6 follow 



Frs. 3. Relative digestibilitj' of oils by pancreatic lipase at 
pH 9-3. 


an entirely different course. At this more alkaline pH, ghee is less „ 

tlian the other oils. It would appear, therefore, that the H-ion concen ra i 
of the digestion mixture is an important factor in controlling the digestion 
difierent fats. , . 
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8. Effect of bile salt on the digestion of fat bg ‘pancreatic lipase. — The 
accelerating action of bile salts and blood serum on pancreatic lipase has been 
observed by many workers (Pottevin, 1903 ; Terroine, 1914 ; Hamsik, 1911 ; 
Mellanby and Woolley, 1914 ; and other workers). Bile salts and serum, according 
to Shaw-JIackenzie (1911, 1912, 1914) and Rosenheim (1910), act as co-enzymes. 
They also found that a number of different compounds of varying structure can 
exert an augmentative action on lipase, for example, alcohol (in small quantities), 
sodium oleate, cholate and glycocholate, saponin and digitonin. Cholesterol, on 
the other hand, had a marked diminishing action on the lipolytic augmentation 
of seruih and bile salts. 

The researches of Willstatter el al. (1923, 1924) have shown that calcium 
chloride, bile salts, and egg albumen activate pancreatic lipase in alkaline medium 
and inhibit it in an acid medium. In the case of the bile salts it was shown that 
either gastric or pancreatic lipase could be activated only after a certain degree of 
purification of the enzyme had been attained (Willstatter and Bamann, 1928). At 
higher concentrations the bile salts showed decreased activation (Willstatter and 
Memmen, 1923). 

It has also been reported that the degree of dispersion of the substrate has very 
little influence on the rate of lipase action (Rona and Kleinmann, 1926), and that 
bile salts activate the hydrolysis of soluble esters by lipase (Terroine, 1910). In 
contrast, the work of other investigators 'has indicated that bile salts inhibit liver 
esterase (Wishart, 1920). 

It would thus appear that the accelerating effect of the bile salts on digestion 
by pancreatic lipase would depend on a number of factors such as the pH of the 
digestion mixture, the source of the lipase, and also on the degree of purity of the 
enzyme. The results of the present study have introduced another factor, namely, 
the nature of the substrate, which greatly influences the accelerating effect of bile 
salts on the lipase digestion. 

(i) Effect of sodium taurocholate concentration.— Hhe bile salt used for the 
present study was Merck’s pure sodium taurocholate (Czu Hu 0^ HSNa). 

Two grammes of butter-fat were added to each of the test-tubes containing 
1 c.c. of glycine buffer (pH 9-3). With the first for a blank, increasing quantities of 
taurocholate solution were added to the others, then 1 c.c. of lipase extract was 
added to each test-tube, shaken for 3 minutes and kept at 3.5°C. for 30 minutes. 
The subsequent procedure was the same as described before. The results are 
given in Table VI : — • 


Table VI. 

Effect of concentration of sodium taurocholate on the digestion of butter-fat. 


Concentration of sodium 
taurocholate : — 

Control, j 

1 M-100,000. ^ 

j M-10,000. 

M-1,000. ' 

M-100. 


C.C. 

of 0-1 N .alkali required to neutralize fatty acids. 

Activity in c.c. of 0-1 N alkali 

30 

7-0 

7-7 

j 6-4 

[ 

6-9 


3f MR 


8 
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It is fouucl that sodium taurocliolate in concentrations of M-100,000 and 
M-10,000 considerably accelerates the digestion of butter-fat, while at higher con- 
centrations the accelerating effect tends to decrease. 

(ii) Effect of bile s(dl on (he digestion of fats by pancreatic lipase.— k 
comparison of the effect of different fats as substrates on the accelerating 
effect of taurocliolate {M-10,000) is given in Table VII. The readings were 
taken at 30 minutes’ interval : — 


Table VII. 


Effect of bile salt. 



Cow ghee. 

1 

1 Sesame oil. 

i 

1 

Ground-nut | 
oil. 

Coco-nut oil. 


c.e. of 0*J N alkali required to neutralize fatty acids. 

#• 

Without taurocholato 

1 

o’G 

1-8 

2-4 

5-4 

1 

With taurocholato , , 

7-5 

2-0 

1 

2-4 

7-6 


The results show that bile does not always augment the digestion of fats by 
pancreatic lipase. The accelerating effect depends on the nature of the fat used as 
substrate. Thus, practically, no efiect was observed on the digestion of sesame 
and ground-nut oils ; whilst the digestion of butter-fat and coco-nut oil is consider- 
ably augmented by the salt. Since the accelerating efiect of the bile salt is differp^ 
with different fats, it is suggested that in order to be eft’ective the accelerating 
agent must react with the enzyme as well as the substrate. 

{iii) Relative digestibilities of fats in presence of sodium taurocholaf. 
a view to studying the digestibility of the fats by simulating body conditions ot fat 
emulsification, the following experiments were conducted on the relative 
bilities of the fats in presence of optimum concentration of the bile salt. 
results are presented graphically in Kg. 4. 

It can be seen from the figure that butter-fat and coco-nut oil are more easily 
digested in presence of bile salts than sesame and ground-nut oils. I’urther, bu yr 
fat req^uires a comparatively much shorter period to reach the equilibrium pom 
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tliau the other fats. Fats may he therefore arranged according to the decreasing 
magnitude of their digestibility as follows: butter-fat, coco-nut oil, ground-nut 
oil, and sesame oil. 



Fig. 4. Relative digestibility of oiLs by pancreatic lipase at pH 9'3 in presence 
of M-10,000 sodium taurocliolate. 


Discussion. 

Conflicting views have been held by previous workers in regard to the optimum 
pH for fat digestion. The results of the present study have shown that the reaction 
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of the medium lias a great influence on the degree of digestibility of fats, usually 
the order of digestibility is found to be different at different pH values. Thus, 
with pancreatic lipase, butter-fat is less digested than other fats at pH 12‘6, 
However, at pH 9'3, the order is completely reversed and it greatly resembles that 
obtained with castor-seed lipase under optimum conditions. Further the pH 
activity relationship of the lipolytic digestion has revealed a strikingly interesting 
phenomena, namely, the existence of two pH optima, one occurring at pH 9'3 and 
the other at pH 12'G. This novel behaviour of the lipase towards the digestion 
of fats has not been noticed before by previous workers, probably because in their 
experiments the pH limit was restricted to lO’O and below. It is, therefore, 
suggested that the existence of two pH optima is perhaps due to the presence of two 
lipases. This explanation seems more reasonable since such types of enzymes are 
found to exist in animal and plant kingdoms (Giri and Datta, 1936 ; Giri and 
Sreenivasan, 1937). Further work is ncce.ssary to definitely establish the indi- 
viduality of the two lipases in pancrea.s. 

It is well known that bile is an important agency in activating pancreatic lipase 
(Whipple, 1922 : .Schmidt, 1927). From the results of the present studies, it would 
be seen that the striking property of the bile salt, sodium taurocholate, lies in its 
inability to act similarly on the dige.stibility of different fats by the lipase. Thus, 
the bile salt docs not accelerate the digestion of sesame and ground-nut oils, while 
the digestion of ghee and coco-nut oil is very markedly augmented in its presence. 
Hence, the difference in the digestibility of butter-fat and coco-nut oil on the one 
hand and sesame and ground-nut oils on the other becomes more marked. in the 
presence of bile salts. This is an important factor which may account for the 
relative superiority of ghee and coco-nut oil as compared with ground-nut and 
sesame oils. 

The factors which are responsible for the differences observed in the diges- 
tibility of fats are not well understood. Several authors have tried to correkte 
digestibility with melting points, iodine values, saponification values, etc. Ihe 
results of the present investigation clearly show that digestibility is greatly 
influenced by pH and the presence of other associated substances. 

The amount of fat digested by the lipase depends also to a large extent on fhe 
surface which is exposed to the action of the enzyme. The emulsification of fats 
is greatly facilitated by the presence of substances which reduce the interfacial 
tension. In the absence of such substances the free fatty acids themselves to a 
certain extent aid emulsification, but the higher fatty acids are insoluble and there- 
fore have very little influence in promoting a stable emulsion-formation. In the. 
present investigation, it has been frequently observed that emulsion formed when 
butter-fat is digested with the enzyme in the absence of emulsifying agents is 
markedly stable for a greater length of time than those with other fats. This peculiar 
and unique property of butter-fat has been observed even in the case of digestion 
with castor-seed lipase. This would indicate the superiority of butter-fat 
easily digestible substance even in the absence of suitable emulsifying agents. 
pancreatic lipase at pH 12'6, the emulsion with ghee is very unstable and tlu's may 
be one of the reasons for its inferiority compared to other oils in digestibility a 
that pH. It IS proposed to investigate quantitatively the degree of stability o 
the emulsion oiined during the digestion of butter-fat and the other oils. I 
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characteristic propert}’- of the fats may he useful in devising a method for the 
detection of adulteration of ghee. 

It is apparent from the results presented above that, on the whole, butter-fat 
and coco-nut oil are more easily digested than sesame and ground-nut oils (cf. 
Godbole and vSadgopal, 1935). The digestion tests have been made, as far as 
possible, under body conditions of temperature, fat emulsification, and H-ion 
concentration. tVliile the above results are sufficient in themselves to credit such a 
conclusion, in view of the complexity of the problem, they cannot be applied too 
rigorously to the field of human nutrition. However, it is reasonable to advocate 
the use of coco-nut oil in place of butter-fat for edible purposes. 


Summary. 

The digestibility of edible fats like castor-seed and pancreatic lipases 
has been studied under various conditions of temperature, H-ion concentra- 
tion and fat emulsification. The study has led to the following important 
conclusions : — 

1. The pH-activity relations of pancreatic and castor-seed lipases are 

different from one another. The variation of activity with pH 
depends also on the buffer used. With pancreatic lipase using 
anunonia-amraonium chloride buffer a sharp maximum in activity 
is shown at about pH 8'6, while with glycine buffer two maxima, one 
at pH 9-3 and the other at pH 12‘6, are observed. This phenomena 
has been noticed with all the fats investigated. This is probably 
due to the presence of two lipolytic enzymes in pancreatic extract 
whose optimum pH are different from one another, 

2. The order of relative digestibilities of the fats by pancreatic lipase at 

pH 9-6 is completely reversed at pH 12’6. 

3. The digestibility of fats by castor-seed lipase is inhibited by bile salts, 

while the pancreatic digestion is enhanced in their presence, 

4. Fat emulsification in the course of digestion differs markedly in the 

case of ghee and other oils. The relation between the stability of 
emulsions during digestion and the nature of the oils is discussed. 

5. Sodium taurocholate shows a selective action in its acceleration effect 

on fats in presence of pancreatic lipase. The digestion of butter-fat 
and coco-nut oil is augmented, while sesame and ground-nut oils are 
not affected by the presence of bile salts. 

6. The rate of digestion of ghee and other oils has been studied and 

evidence adduced to show that ghee and coco-nut oil are more rapidly 
digested than sesame and ground-nut oils by both castor-seed and 
pancreatic lipases. 


The authors wish to express their thanks to Prof. V. Subrahmanyan, u.sc 
P.I.C., for his keen interest in this work. ’ 
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THE STABILIZATION OF VITAMIN C BY 
PYROPHOSPHATE. 


BY 

K. V. GIRI, M.SC., A.i.i.so. 

{From the Department of Biochemistry, Indian Institute of Science, Bangalore.) 

[Received for publication, July 26, 1937.] 

In the course of recent work (Giri, 1937) on the influence of vitamin 0 oh 
phosphatases, it was observed that the hydrolysis of pyrophosphate by the enzyme 
was not influenced by the vitamin, while the glycerophosphate hydrolysis was 
inhibited in its presence probably due to the oxidation of the vitamin by traces of 
Cu present in the reaction mixture. Even in presence of minute traces of added 
Cu the vitamin inhibited the hydrolysis of pyrophosphate to a less extent than that 
of glycerophosphate. This behaviour was interpreted to mean that pyrophosphate 
may have a higher affinity for the metal Cu than has ascorbic acid, and prevent 
effective contact between the two, thereby protecting the vitamin against oxidation. 
This suggestion led to a further investigation of the role of pyrophosphate in the 
reaction. 

It is well known that pure vitamin C (ascorbic acid) in solution is very easily 
oxidized under aerobic conditions, and minute traces of metals like Cu cause rapid 
oxidation. In tissues and biological fluids ascorbic acid is present mostly in its 
reduced form (Bacharach, Cook and Smith, 1934 ; Bessey and King, 1933 ; Gabbe, 
1934) although copper is present in measurable quantities. Inhibitory mecham'sms 
which protect ascorbic acid from oxidation have been found to exist in body fluids 
and tissues. Erom the work of de Caro (1934) and de Caro and Giani (1934) it is 
known that ascorbic acid in phosphate buffer (pH 7’5) remains unoxidized in 
presence of air for several hours if mixed with small amounts of liver, muscle, 
blood, ovary, nerve, or suprarenal gland. They concluded that glutathione 
was the substance which caused stabilization of ascorbic acid in tissue 
extracts. Mawson (1935), however, stated that protection by tissue extracts 
could not wholly be explained by the presence of GSH, cysteine, cystine 
or HoS since dialysed tissue extracts retained their anti-oxidative properties 
in full. Even the extracts that had been boiled or precipitated with mercuric 
acetate were found to retain their anti-oxidative properties. Mawson {loc. cit.), 
therefore, suggested that ‘ the protective properties of tissue extracts and of 

{ 443 ) ■ 
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the pure compouuds arc probably due to tlieir inhibition by metallic catalysts, 
wliicli are present in body fluids in sucdi a concentration that without a protective 
mechanism of some kind ascorbic acid could never exist in them at all Barron, 
Barron and Klemperer (193G) have recently' reported the results of their experi- 
ments on the oxidation of added ascorbic acid in normal biological fluids with 
and without added CuCls. They found that blood serum, milk, and tomato 
juice had the greatest protective power against added CuClo, urine, saliva,^ 
and grape-fruit juice the least. Very’- recently'' j\racfarlane (1936) has studied 
the stabilizing action of several sulphur containing compounds, and observed 
that the cataly''sis of ascorbic acid oxidation by" copper is inhibited by sodium 
diethyldithiocarbamate, c.ystine, cysteine and glutathione, but not by taurine or 
glycine. Hopkins and Morgan (193G) have also demonstrated that glutathione 
completely protects ascorbic acid from oxidation by copper catalysis. 

In plants, however, the existence of such protective mechanism is very rare. 
Dainodaran and Nair (193G) found that Indian gooseberry {Pliyllantlius emhlica) 
contains a tannin which has an inhibitory action on oxidation of ascorbic acid 
solutions in air and is therefore responsible for the resistance to oxidation of the 
ascorbic acid in the press juice. Barron, Barron and Klemperer (be. cit.) found 
that tomato and grape-fruit juice protected the vitamin from oxidation by copper 
catalysis. According to McHenry and Graham (1935) vegetable pulp has no 
mechanism for stabilizing ascorbic acid. 


In view of the wide distribution of the vitamin and metal catalysts, the existence 
of protective mechanism against the oxidation of vitamin C in plant and animal 
tissues is of great importance. Tlie present paper reports the results obtained in 
a study designed to test the possibility that pyrophosphate may protect the ■yitamiii 
against oxidation. If this were the case, it would go far towards explaining the 
observed protective action of tissues and tissue extracts. Burther, in view 
wide occurrence of pyrophosphate in plant and animal tissues (Lohmann, l928n, 
b ; Boydand, 1930), any evidence for the role of pyrophosphate in plant and 
animal metabolism is of considerable interest. 


Experimental. 

The method employed consists essentially in allowing pure ascorbic acid 
(B. D. H.) to be oxidized either alone or in presence of varying amounts o 
copper and trichloracetic acid (5 per cent) and seeing whether added pyrophos 
phate has any protective action on the oxidation of the vitamin. 

Ascorbic acid was determined by the Tillmans-Harris technique (Harris, Buc i 
and Ray, 1933) and also by iodine titration. In order to avoid the errors arising 
out of any difference owing to slight variations in time and to make the end pom 
sharper, a drop of glacial acetic acid was added to the titration flask at the time o 
titration, as suggested by Ahmad (1935). 

The sodium pyrophosphate used in the present study was prepared by 
Sorensen’s secondary sodium phosphate to a red heat in a platinum dish, -i.i 
ac|UGous solution of the salt so prepared srave a white precipitate without any 
of yellow, with silver nitrate, and contained no orthophosphate. 

Ascorbic acid solutions were prepared by dissolving the vitamin in g 
distilled (thrice) water. 
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(?) Protective action of pyrophosphate against the oxidation of vitamin G. 

The oxidation of ascorbic acid was followed at pH 7‘2 with and without added 
CUSO 45 H 2 O, and the effect of pyrophosphate on the stability of the vitamin was 
studied. Ascorbic acid was dissolved in water contained in 60-c.c. flasks. The 
reaction was adjusted to pH 7-2 by addition of phosphate buffer (M/15). Copper 
sulphate was added in such concentrations as to bring the total amount of Cu 
contained in 10 c.c. of the reaction mixture to 0-032 mg. The concentration of 
pyrophosphate in the total volume of the reaction mixture amounted to O’S 
per cent. The reaction was allowed to proceed at 35° ± 0-l°C. in a' thermostat. 
Aliquots were removed at various intervals and the ascorbic acid determined by 
titration with indophenol and iodine. 

Table I. 

The effect of pyrophosphate on the oxidation of vitamin G in presence 

and absence of, Gu. 

Amount of ascorbic acid, 5 mg. ; 5 c.c. of phosphate buffer (M/15) pH 7-2 ; 
pyrophosphate, 0-5 per cent ; Cu, 0-032 mg. in 10 c.c. of the mixture. Total 
volume of the reaction mixture, 20 c.c. ; temperature, 35° ± 0-l°C. 


Time iu 
minutes. 


Ascoebic ACin, 

, PER OEKT. 


Ogntrol. 

1 

Pyrophosphate. 

Uu. 

1 

Cu + Pyio- 
phosphate. 

0 

100 

100 

100 

100 

10 

78 

100 

67 

97 

20 

68 

100 

54 

93 

40 

61 

100 

40 

85 

GO 

52 

97 

31 

76 

120 

35 

90 

17 

66 

360 

■1 

69 

0 . 

35 


In Table I and Fig. 1 are shown the rate of oxidation of the vitamin in 
presence and absence of added copper and pyrophosphate. In the absence 
oi pyrophosphate the vitamin is very easily oxidi/^ed, and in its presence the 
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As can be seen in Tabic II, pyiopbospbate added to trichloracetic acid is an 
excellent stabilizing agent for nse in the extraction and determination of vitamin 
C from plant and animal materials. A somewhat unexpected result of these 
experiments is the inhibiting eifect of On on the oxidation of the vitamin in tri- 
chloracetic acid. The oxidation of ascorbic acid in acpieous solutions is generally 
catalysed by traces of copper, wliile in tiie present case, however, the oxidation of 
the vitamin in trichloracetic acid is inhibited by C'u. An attempt to further in- 
vestigate these seemingly contradictory results on the behaviour of Cu in relation 
to the oxidation of ascorbic acid ^Yill be made below, 

{Hi) Catalytic oxidation of niUmin C in trichloracetic acid by varying 

amounts of copper salt. 

The results presented in Table II show that the oxidation of the vitamin in 
trichloracetic acid in presence of Cu is less than in its absence, which is contrary 
to the behaviour of Cu as catalyst in the oxidation of the vitamin in pure aqueous 
solutions (Table I). The experiments were therefore repeated by adding varying 
amounts of copper sulphate to ascorbic acid, trichloracetic acid mixtures, and 
testing the rate of oxidation of the vitamin. 

Table TIL 

Effect of varying amounts of Cu in trichloracetic acid on the oxidation 

of vitamin G. 

Ascorbic acid, 5 mg. ; tricliloracetic acid, 5 per cent total volume of the reaction 
mixture, 25 c.c. ; room temperature, 26°C. to 27°C. 


Concentration of 
Cu in 10 c.c. of 
reaction mixture, 
mg. 

Ascorbic acid is >ia. 

Time in hours. 

0 

5 

24 

0 

5-0 

4-0 1 

0-95 ' 

0'025 

5-0 

4--12 

i . 2-33 

0-050 

5-0 

4-45 

2-33 

0-125 

5-0 

4-34 

2-18 

0-250 

5-0 

3-96 

. 1-91 


I 


The results presented in Table III, while confirming the previous observations, 
show that at low concentrations of Cu the oxidation is inhibited. This phenomenon 
was repeatedly observed in a number of experiments, but no explanation can a 
present be offered. It seems probable, however, that Cu inhibits the action o 
another factor present in trichloracetic acid, which protects the vitamin 
atmospheric oxidation. 
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{iv) Effect of mrying amounts of pyrophosphate on the catnhjlic oxidation 

of vitamin G by Cu. 

In Table IV are presented the results of experiments in which the vitamin 
was oxidized in acetate buffer. pH 5'0, with CuSO^bHoO as catalyst, and in 
presence of varying amounts of pyrophosphate. The rate of oxidation in 
presence of Cu as catalyst was compared with that of identical mixtures containing 
varying amounts of pyroj)hosphate. 


• Tablk IV. 

Effect of varying amounts of pyrophosphate on the 'oxidation of vitamin 0 

with Cu os catalyst. 

Ascorbic acid, 5 mg. ; acetate buffer (M/5) pH 5-0, 10 c.c. ; Cu, 0-032 mg. in 10 c.c. 
of the mixture; temperature, 35°±0-l"C. Total volume of the reaction 
mixture, 20 c.c. 


AsCOUmC ACID IN MO. PRK.SKNT IN THE TOTAL VOLUME OF 


Concentration of 

THE REACTION IHIXTURE AFTER INCUHATION 

AT sr)-" ± 0 -rc. 

pyroplio.ipliate, 
per cent. 

Time in minutes. 


0 

30 

CO 

120 

0 

5 

3-3 

1 

2-t5 

1 

1*0 

O'Oa 

5 

3-6 

3-1 

2-5 

0-125 

5 

3-6 

1 

31 ; 

2-5 

0-250 

5 

3-6 

3-2 

2-6 

0-500 

5 

3-9 

3-4 

2-8 

1-250 

5 

4-8 

4*5 

4-3 


It can be seen from Table IV that with the increa.se in the concentration of 
pyrophosphate its inhibiting power also increases. Thus the ratio between the 
pyrophosphate and Cu concentrations determines the degree of protection by 
pyrophosphate. It is, therefore, evident that- pyrophosphate combines with Cu to 
form a complex, thereby preventing it from catalysing the oxidation of the vitamin. 
It is probable that the complex compound formed by pyrophosphate with Cu may 
be an un-ionized copper complex, and hence the inhibition of oxidation of the 
vitamin by Cu may be due to the fact that the un-ionized copper does not catalyse 
the oxidation (Barron, Barron and Klemperer, he. cit.). ^ 
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(y) InJl^lence of added pyrophosphate on the stability of vitamin 0 

contained in lemon juice. 

Lemons are frequently used in liuman diet as a source of vitamin C that any 
information regarding the stability of the vitamin present in the juice obtained from 
them is of interest. Experiments were therefore conducted with lemon juice with 
a view to finding out whether pyrophosphate when added to fresh lemon juice 
exerts any stabilizing action on the vitamin. Fresh lemons were used for these 
experiments. The juice was removed by squeezing and the extracted juice was 
strained through cloth. Immediately pyrophosphate solution was added to one 
lot and an equal volume of water was added to the other and at stated intervals 
the samples were tested for. its vitamin content by titration with indophenol. The 
results of these experiments are listed in Table V': — 


Table V. 


Time the solution was 
allowed to stand at 
room temperature 
(26°C. to 26'’C.). 1 

VOLDMC or THU SOLUTION EEQUIRED TO REDUCE 

1 C.C. or 0-05 TER CENT INDICATOR. 

10 C.C. of lemon 
juice -f 10 C.C. 
w.atcr. 

10 C.C. of lemon 
juice -f C C.C. 
of 5 per cent 
pyrophosphate 
-h 4 C.C. water. 

10 C.C. of lemon 
juice -p 10 C.C. 
of 5 per cent 
pyrophosphate 
per cent. 

0 hour 

M3 

Ml 

1-11 

3 hours 

1-21 

Ml 

1-11 

8 „ . . 

1-54 

M7 

1-14 

24 „ 

3-08 

1-81 

1-66 


These results show that addition of pyi’ophosphate to lemon juice inhibits the 
destruction of vitamin C. 


Discussion. 

The results presented in this paper are of interest in view of the possible 
explanation which they provide for the protective action of animal tissues and tissue 
extracts against the oxidation of vitamin C. Svirbely (1936) has recently drawn 
attention to the biological importance of the relation of ascorbic-acid content of the 
organs to the amount of copper sulphate fed to the rats. His experiments have 
showm that the feeding of copper sulphate does not prevent the synthesis of vitamin 
C in the rat. He suggests therefore that the body has a protective mechanism 
which prevents the catalytic oxidation of vitamin 0 with copper sulphate. It is 
generally assumed that glutathione present in tissues is responsible for the protective 
action of tissue extracts (de Caro and Giani, loc. cit.). According to Mawson 
(Zoc. cit.), however, the protective action of tissues and tissue extracts is not 
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quantitatively accounted for on the basis of their content of sulphydryl compounds. 
Therefore the existence of other hitherto unknown protective mechanisms in animal 
tissues is evident from the results of the foregoing workers. Now it is known that 
pyrophosphate occurs widely in plants, animals and yeast (Lohmann, 1928a, b). 
The results obtained in the present study show clearly that pyrophosphate protects 
the oxidation of ascorbic acid by copper catalysis. Thus, the existence of another 
protective mechanism in addition to that of glutathione, against the oxidation of 
vitamin 0 in plant and animal tissues, is established. 


Further the results obtained in the present study are of sufficient interest in 
their application to the determination of ascorbic acid in plant and animal products, 
and in the preparation of stable aqueous solutions of the vitamin. The method 
generally adopted for the determination of vitamin-C content of plant materials 
is to extract the vitamin by grinding the material with trichloracetic acid, centri- 
fuging the extract and titrating it with sodium 2 : 6 dichlorophenolindophenol. The 
plant tissues, the reagent, and the water used may contain copper and other metallic 
impurities which catalyse the oxidation of the vitamin (Kellie and Zilva, 1935), 
and it is impracticable to remove every trace of copper from all reagents and 
water used in the extraction and estimation of the vitamin. In order to reduce 
errors in the method for the determination of the vitamin, the time consumed in 


conducting the titrations is an important factor, since the vitamin is easily oxidized 
in presence of air. Cheftel and Pigeand (1936) have, therefore, suggested the 
carrying out of titrations of ascorbic acid with indophenol at 0°C., since oxidation 
is much slower at this temperature. The addition of certain reagents to the 
extractant, which inhibit the catalytic oxidation of the vitamin by copper, also 
suggests itself. The reagents which are known to inhibit the catalytic activity of 
copper in the oxidation of ascorbic acid are potassium cyanide, H 2 S, cystine 
hydrochloride, glutathione, and metaphosphoric acid. KCN and H 2 S are effective 
only in weak acid solutions. Further HoS, being in itself a reducing agent, must 
be completely removed before titrating with the indophenol. Tauber and Kleiner 
(1936) have suggested the use of cystine hydrochloride as a stabilizing agent, which, 
however, possesses few advantages in view of the fact that its inhibiting effect has 
been found to be largely due to the lowered pH accompanying the addition of excess 
HCl necessary to dissolve the cystine rather than by any specific action of the reagent 
(Mack and Kertesz, 1936). Glutathione is, of course, an efficient stabilizing agent, 
but its prohibitive cost prevents its use as a reagent for the determination of the 
vitamin. The only other efficient stabilizing agent which has been successfully 
employed by many workers in vitamin-C studies is metaphosphoric acid. Fujita 
and Iwatake (1935) were the first to suggest that metaphosphoric acid exerts a 
stabilizing action on the vitamin and that it can be used for its extraction. Sub- 
sequent workers have reported better results by using metaphosphoric acid 
either alone (Levy, 1936 ; Hinsberg, 1937) or in combination with trichloracetic 
acid (Musulin and King, 1936) for stabilizing and extracting the vitamin from plant 
and animal tissues. Musulin and King (loc. cit.) recommend the addition of 2 per 
cent metaphosphoric acid to trichloracetic acid for extraction of the vitamin The 
metaphosphoric acid, whilst preventing oxidation due to enzyme activitv and 
traces of copper, does not interfere with the estimation of the vitamin by indo^enol 
titration Very recently Lyman, Schultze and King (1937) have investigated the 
possibihty of using neutralized metaphosphoric acid in the buffers with a view 
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Chopea and Roy (1935) described a metliod for the estimation of atebrin in 
the blood. Chopra, Gauguli and Roy (1936) also worked out its concentration in 
the circulating blood at different intervals of time after the administration of the 
drug, in cases of monkey malaria. Attempts were then made to determine how 
atebrin is distributed in the different tissues and whether any particular organ 
had a greater pre-selection for the drug than the others. The extraction of small 
quantities of alkaloids and other organic substances from tissues presents some 
difficulties and the procedure in each case must necessarily vary according to the 
nature of the substance. Two kinds of procedure are usually employed. The 
substance in question may either be extracted from the minced tissues by means 
of a solvent with simultaneous coagulation of the proteins, for instance, hot 
acidilied ammonium sulphate, or the protein materials may be dissolved by some 
agents which have no action on the substance to be determined and then the 
• substance extracted from it by means of a suitable solvent. The first of these 
procedures is time-consuming and also admits of considerable errors. It was 
applied by Ramsden et al. (1918) for the e.stimation of quinine from tissues, but 
this method is inapplicable in the case of atebrin, because atebrin itself is insoluble 
in acidified ammonium^ sulphate. The treatment of the minced tissues by means 
of ether also results in incomplete extraction of the substance. 

We had therefore to take recourse to the other alternative. The more drastic 
methods of dissolving out the tissue materials, by means of strong alkali for 
instance, we were reluctant tc employ as we thought that suchYa procedure 
might partially or completely destroy atebrin itself. We therefore"' tried to cet 
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On the Estimation of Atebrin in Tissues. 


the 2 ^ 1 ’otein material into solution h_v treatment with one of the proteolytic 
enzymes. Papain appeared to us to be more suitable for the purpose as it was 
found to act almost equally well in acid, alkaline, or neutral reactions, so far as 
the digestion of meat is concerned. The tissue was therefore digested by means 
of papain and the atebrin was estimated by Tropp and Weise’s (1933) method 
applicable to urine. 

Procedure . — The weighed tissue is minced, taken in an Erlenmeyei’s flask of 
suitable capacity and a small amount of j^apain (jmwder), 0'2 g. to 1 g. depending 
upon the weight of the tissue, is sprinkled over it and well mi.Yed. It is then kept 
in this condition for 10 to 15 minutes with frequent mixing of the materials. 
Approximately N-10 HCl is then added (5 c.c. of the acid for 1 gramme of the tissue) 
and the contents of the flask were mixed and put in a water-bath maintained at 
G0°C. for 1 hour or more if the tissues are not completely digested and stirred from 
tim^ to time. Muscles are more or less comi^letely digested by this procedure but 
some of the organs such as liver, lung, etc., which contain considerable amount of 
fat, appeared to be comparatively unaffected. What appeared to be undigested 
residue, however, could be easily reduced to a fine pulp by means of a glass-rod, 
which formed a fine sediment at the bottom whicli can be easily washed to 
remove atebrin. It is then centrifuged, the clear supernatant fluid is transferred 
to a separating funnel and the residue washed 2 or 3 times with a suitable amount 
of N-10 HCl. After centrifuging each time the clear fluid is transferred to the 
funnel. It is then alkalized with 60 per cent KOH and the mixture thoroughly 
shaken with 20 c.c. to 30 c.c. of ether (depending upon the volume of the extract). 
It sometimes happens that there is not a clear separation in two layers and a 
gelatinous intermediate layer is formed which demixed only very slowly. In such 
a case the clear aqueous solution is drained and 4 c.c. to 5 c.c. of 96 per cent alcohol 
are added into the funnel. The whole is again thoroughly mixed and the mixture 
is now clearly separated in two distinct layers. Now the mixture is again separated 
and the ether collected apart and the remainder of the solution is again shaken 
with 20 c.c. to 30 c.c. of ether. The extraction of atebrin is usually complete at 
this stage. The united ether extracts are twice washed with 20 c.c. to 30 c.c. of 
water. Any coloration of the wash-water, if there be any, has nothing to do with 
atebrin. The ether extract is then shaken with two successive 10 c.c.-lots of N-10 
HCl, whereby the ether becomes entirely coloiudess. The acid extract is made up 
to a convenient volume with N-10 HCl, depending on the atebrin content, and 
compared in a colorimeter against a standard solution of atebrin. A O'Ol per cent 
solution of atebrin in N-IO HCl serves as a stock standard and it may be con- 
veniently diluted to match the colour of the unknown. 

Iq. case of tissues containing very small quantities of atebrin, procedure similar 
to that used in the ease of blood is to be employed, viz., the final hydrochloric acid 
extract or an aliquot portion of it is aUcalized and taken up in equal amounts 
(0'5 c.c.) of amyl alcohol and compared with a set of standards containing varying 
amounts of atebrin similarly treated. 

This method appears to us to be quite simple and fairly accurate and does not 
admit of an error of more than 15 to 20 per cent. 

'When tliis work was almost complete Prof. Schulmann was kind enough to 
send us a photo copy of Dr. Hecht’s paper on ‘ the distribution of atebrin in the 
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organism ’ wliicli has been subsequently published (1936). In this paper Dr. Hecht 
has described a method for the estimation of atebrin in small quantities of blood 
(1 c.c.) and different tissues (1 gramme) and has made an elaborate study of the 
distribution of the drug in various organs and tissues. The principle underlying 
the method consists of the dissolution of blood or tissue by the addition of equal 
quantities of 60 per cent caustic potash and heating in a boiling water-bath for 
5 minutes. Then distilled water equal in amount to the KOH solution used is 
added to reduce it to a homogeneous fluid mass which is then extracted with 
a mixture containing 8 parts of benzene and 2 parts of amyl alcohol (2 c.c. per 
1 gramme of the organ). After centrifugation 75 per cent of the volume of the 
solvent was taken off and shaken with a measured amount (1'5 c.c.) of N-1 HCl. 
After it has settled down (eventually centrifuged), 1 c.c. of HCl solution is 
removed from below the solvent and the colour comparison made according to 
the technique employed by Chopra and Roy (1936), viz., the acid solution is 
alkalized and shaken with equal small quantities of amyl alcohol and the colour 
compared with a set of standard atebrin solution similarly treated. 

It appears that the difference between Hecht’s technique and that of Chopra 
and Roy consists only in the process of extraction of atebrin from blood or other 
tissues. In our first communication on this subject (1935), filter-paper strips were 
soaked with a measured amount of blood which were then heated at a temperature 
of 50®C. for an hour and extracted with ether in an extraction apparatus. Later on 
(1936) we introduced certain modifications (the paper strips containing, the blood 
were dried by putting inside a desiccator overnight) which were found to be advan- 
tageous. Experiments with known amounts of atebrin by this technique gave 
fairly satisfactory results. The use of a strong alkali solution for the partial dis- 
solution of the proteins did not appear to us to be sound in principle as atebrin 
itself might be partially destroyed or altered in some manner by this treatment. 
Hecht has remarked that ‘ about 10 per cent of the atebrin is destroyed by this 
procedure ’. We, however, applied Hecht’s technique in the case of blood and 
found it quite satisfactory and it has also certain advantages over the procedure 
employed by Chopra and Roy in that the former is simpler, does not necessitate 
the use of a special extraction apparatus and the determinations could be carried 
out within a much shorter time. The recovery of the added atebrin is also quite 
good. 


When, however, we try to apply this method to organs and other tissues, we 
find that it is beset with certain difficulties. Hecht has evidently meant his 
technique to be applied only to small quantities of the tissues. Now it is a weU- 
known fact that the distribution of a drug is not uniform throughout the organ 
and it is probable that different parts may have different concentrations of atebrin. 
The values of atebrin obtained from 1 gramme of an organ taken at random from 
the whole, which in the case of a cat’s liver, for instance, may weigh 50'grammes 
to 60 grammes or even more, do not give a fair estimate of the total atebrin content 
of the organ as a whole and the chances of error will necessarily be great. 

]\Ioreover, the essential feature of both these processes is to determine atebrin 
consent from the intensity of yellow colour. It is, therefore, essential to eliminate 
all other kinds ot colouring matter excepting that due to atebrin. We found that 
treatment with dilute HCl serves to extract only the atebrin and other colourin-^ 
matters are excluded. But a preliminary treatment of the organs and tissues with 
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liofc 60 per cent caustic potash might partially destroy atehrin and also might change 
the pigments present in certain organs such as liver, gall bladder, lung, etc., in 
such a manner as to render them soluble in dilute HCl. Hecht experienced such 
difiiculties in the case of cat’s liver and gall bladder, and we on repetition of 
Hecht’s technique found that the final amyl-alcohol layers were distinctly 
coloured in the case of cat’s liver, gall bladder, lung, and kidney. This will 
introduce serious errors especially when a small quantity of the organ is 
dealt with. 

Therefore we prefer to digest the whole organ with papain under the conditions 
mentioned above. In case of smaller organs weighing about 1 gramme or less 
(excepting, of course, liver, gall bladder, lung, and kidney) Hecht’s technique is 
quite suitable and yields quite satisfactory results. 

Conclusion. 

■ A simple and fairly accurate method for the estimation of atebrin iu the tissues 
is described. 


AVe are thankful to Mr. Bolai Ch. Das for his valuable assistance in this 
connection. 
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Among other factors in connection with the transmission of malaria by 
mosquitoes, the effect of anti-malarial drugs on the viability of the gametocytes of 
human plasmodia and on them development in the mosquito has been studied by a 
number of workers and some valuable information has been obtained. The Malaria 
Transmission Inquiry while working out the atmospheric temperatui'e and humidity 
factors in the transmission of malaria made some observations on this subject and 
in this paper we propose to give briefly our results. 

The patients were all admitted into the Carmichael Hospital for Tropical 
Diseases under the senior author (R. N. C.) who was testing the effects of various 
anti-malarial remedies on different strains of plasmodia occurring in India. The 
mosquitoes used in our experiments were all laboratory-bred Anopheles stephensi, 
larvse of which were collected from Calcutta and its environs. The clean females 
w’ere fed on gametocyte-carriers (P. vivax, P. malarioe, and P. falciparum) after 
treatment with various doses of different anti-malarial drugs. As a control in most 
cases mosquitoes were fed on the same patients before treatment. Factors such as 
atmospheric temperature and humidity, and numerical strength of the gametocytes 
have also been studied which will be discussed in another communication. Here 
we shall deal with only one factor, namely, effect of previous treatment. 
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Before proceeding to state our own findings it may be of some interest to 
mention briefly some of the previous works on the subject. 

Bruce iMayne (1920) observeil tliat sporogony cycle would develop after 
administration of -150 grains of ([uinine during treatment ; such moscpiitoes weic 
capable of infecting healthy per.sons. Simanin (1928) carried out experimen s 
with M malaria patients who had been talcing quinine for varying lengths ot time. 
He found that tlevelopment of the parasite will occur in the mosquitoes ted on 
patients with B. T. and i\r. T. infections talcing quinine in therapeutic doses. 
CTreen (1929) found that quinine does not touch the crescents. As distinct rom 
reducing the number of gamctocytes in the blood, it is somewlmt dou u 
whether, in addition, quinine affects the viability of the gametes of B. 'yiyaa-’ 

P. imlarkc. The same author (193-1) carried out experiments in which anoplieies 
were fed on patients infected with P. oivax and P. falciparum who had un ei 
gone treatment with various drugs other than plasmochin. The game 
continued their development in the mosquito unchecked, and it was cone u 
that there was no drug which affects both the crescents and ring orms 
P. falciparum. 

Strickland and Roy (1932«) noted that atebrin administered to a patient 
suffering from malaria completely prevented the development in the , i , 

any gametocyte from that host, and that the parasite resumed its deve . , 

powers three days after the discontinuance of the treatment. ^ In the same y 

above authors (19326) rectified their statement by saying _. ; • , 

have recently tried without success to repeat _ our experience regarc © . 
influence of atebrin on the development of malarial plasmodia m the moq j 
reported in the April number (of the Ind. Med. Gaz.) of this 
mosquitoes fed on a patient at varying times, some, soon ‘Rtej t „„ 

of atebrin, 116 developed sporozoites. Green in the Federal ^ Onimnl of 

are permitted to say also, Basu in Knowles’ laboratory m the Calcu a 
Tropical Medicine have obtained similar results 

Barber and Komp (1927) showed that the gametocytes of M. T. and 
not develop in the mosquitoes after two days’ continued treatment wi p 
and quinine, and pointed out the importance of this finding^m the possi 
of malaria by treatment. In the authors’ own language should i p . , 
small doses of plasmochin may so cripple gametocytes or so far inter ere 
normal development as the case may be, that they are 
forming healthy oocysts, the usefulness of plasmochin, or plasmochin c 
with quinine, could be greatly extended ’. 

The same workers (1928) continued their observations and 
in small doses, in one case in a single dose of -1- eg., to have a definite 
viability of crescents as measured by mosquito-infection tests. It is possi 
the general use in a population of such small doses of plasmochin would be sa c c 
effective in reducing the transmission of malaria. 

Mansqn-Bahr (1928) showed that a single dose of 0-03 g. of pla.smochin, though 
not sufficient to destroy the crescents, was enough to prevent their cxflage i 
on a glass-slide. Whitmore (1929) stated that a single dose of plasmoqui 
0-300 mg. per kilo of body-weight is sufficient to render hon-infectious, 
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A. albimauus, all crescents in the blood at the time the single dose is taken. His 
findings show that a dose of 0-200 mg. per kilo of body-weight is not sufiiciont to 
render the crescents non-infectious for A. albiinanus. In his later experiments 
he ascertained 0-32.5 mg. as the single effective dose. Amies (1930) stated that 
0-04 g. ofplasmochin given in two doses of 0-02 g., sixteen hours apart, renders 
crescent carriers nou-infective for at least three days. Sur, Sarkar and Banerjee 
(1932) found plasmochin even in small doses of 0-02 g. per day per adult for three 
days without the aid of quinine can prevent development of malaria parasites in 
transmitting species of anopheliue mosquitoes. 

Green (1934) observed that atebrin destroys the gametocytes of the benif^u 
tertian and the quartan parasite at about the same rate as does quinine or plasmli- 
quine. It has no particular advantage as a ‘ gametocide ’ in benif^n tertian or 
quartan malaria. . “ 


. With regard to crescents, there seems to be a difference between the action of 
either atebrin or quinine on these subtertian gametocytes. Atebrin does not prevent 
crescents being formed and does not cause crescents to become non-viable A 
crescent-carrying patient will still infect anopheline mosquitoes durincr or 
seven days’ continuous treatment with atebrin. ° 


The pble shows the result of our own observations. The infectivity of the 
gametocytes of the three species of Indian strains of malaria in the moW/uitoes 
after treatment with various anti-malarial drugs has been dealt with separately 

In experiments with cases of P vivax infection who had a fractional treatmmt 
with quinine sulphate, plasmoquine, and malarcan {vide Table) there warno 
sahvary-gland infection in the mosquito ; only in two experiments ouT of 
mosquitoes, five developed malarial oocysts from cases who bar! Tin 
treatment with 0-01 g. and 0-02 g. of plasmochin re.spectively^ Clean A 
mosqurtoes, 364 in number, rvere use/i„ these expe.Lents, of S it sS"h 

trS?’ DetniledlXTre 


In experiments with cases of P. malaria} infection who had similai- fm i- 
with atebrin, malarcan, and tebetren (as shown in the Table! tTiPi-o eatment 

gland infeetion in any of the mostitoes ; JiS) eS 

infection. The positive result obtained was with the tebetr!? “ showed gut 
402 clean female A. stepJiend mosquitoes were used in these experiment^ 
afetZ;tn£?ate™“'- "“-"^“Onfectio 


^ Experiments with cases of P. falciparum infection TObo v. i 
with different doses of cinchona febrifuf^e quiniL sulnbat^ 
gametochin (Union Drugs), and tebetren ^ave interp^i-- ^ plasmochin, 

(except plasmochin) failed to devitaSe thf Sesfente drugs 

sporozoite stage in the mosquitoes in hi<dipercentaap?w - \?®''®*°I’®d up to tL 
0-02 g. was sufficient to stop the developmLt in the ofplasmochin 

In all as many as 3,909 female A slenhend wp. 
c.xperimeats, of which 2,183 .survived, with a result series of 

sahvary-gland infections. For details see Table^^ infections and 314 
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Discussion. 

Clemosha ami Moore, Jiarber ami his colleagues, Kligler, dcMello, Kingsbury, 
- lilies, I. Ill, ami others iii didereiit parts ol the world have tried to control malaria 
lansiuission in the field by adopting the principle of devitalizing the gametocytes 
in le human host. Some combined it with anti-larval measures also ; but most of 
icm, except m some very controlled and isolated areas, met with failure sooner or 
a'uV (193‘2) expressed the opinion that anti-mosquito measures will 

still bo necessary, as it will rarely be possible to treat every carrier in a district. 


SuMM.vnv'. 

1. Laboratory-bred Anoplielea alephensi, 4,GG5 in nuiiiber, were fed ongameto- 
cjte-carriers {P. viyax, P. malaruc, and P. falciparum), admitted in the Carmichael 
Hospital for Tropical Diseases. Experiments were carried out with a view to 
investigate the effect of var3dng doses of different anti-malarial drugs upon the 
infectivity of the patient to the mosquito. 

2. The drugs used in these experiments were cinchona febrifuge, quinine 
sulphate, malarcan, tebetren, atebrin, plasmochin, and gametochin. 

3. The effects of atmospheric temperature, humidity, and numerical strength 
or gametocyte factors are not dealt with in this paper. 

.. ^Icbrin, quinine sulphate, cinchona febrifuge, tebetren, and gametochin 
failed to prevent the development of crescents in A. stepJiensi'. In some cases, very 
heavy percentages of gut and gland infections were observed even after the usual 
course of treatment with these drugs. Plasmoquine in such small doses as 0‘02 g. 
prevented further development of the crescents in A. stephensi. 

5. Even 15 doses of tebetren failed to stop the development of gametocytes of 
P. malaria} in A. stephensi, but 3 doses of atebrin and malarcan could stop it. 

6. Plasmoquine in doses of O’ 02 g. could not prevent the development of 
gametocytes of P . vivax in A. stephensi up to the oocyst stage. With a small dose of 
quinine sulphate it was stopped. 

7. This work is of a preliminary nature and is being further pursued. 
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Since tlie observation of Tre’fouel, Nitti and Bovet (1935) that the death of 
animals infected with streptococci is delayed several days by ingestion or 
injection of a simple compound like p-amino benzene sulphonamide, a good deal 
of work (c/. Goissedet et at, 1935 ; Colcbrook and Kenny, 1936 ; Buttle et at, 
1936) has been done on this protective action of the drug and it may now be 
said that p-amino benzene sulphonamide possesses a bacteriostatic and bacteri- 
cidal action at least against small numbers of certain hsemolytic streptococci. 
It would be of considerable interest to find out whether the same protection 
can be obtained equally well against infections with streptococci of different 
serological types. 

Expebimbntal. 

p-acetamino benzene sulphonyl chloride, prepared according to Marvel et at 
(1925), was treated with ammonia and the resulting product was hydrolysed bv 
dilute hydrochloric acid to afford p-amino benzene sulphonamide. The substance 
crj’^stallizes from boiling water in prismatic plates, m.p. 266‘6°0. (corrected). It 
was tested on white mice infected with streptococci obtained from a case of 
erysipelas (local) as well as with strepto-pyogenes (hsemolytic). For comparison, 
the effects of the strains from streptococci isolated from a local case of puerperal 
sepsis and of those from scarlet fever (foreign) were also observed. The different 
strains have been repeatedly passed through mice before being used in the present 
investigations. A minimal lethal dose of each strain was, of course first 
ascertained by injecting different doses of the living cultures on different groups 
ot ammals. The actual injecting dose was usually four to five times the nnnimal 
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letlial dose and in all the experiments 7'5 rag. of the compound in a sterile 
aqueous solution were subcutaneously administered an hour before injecting the 
mice with the living cidtures of the respective streptococci. An unprotected 
set of animals was kept for control. Tables I to IV show the results of the 
therapeutic experiments : — 


Table I. 


Strain : strepto-hromolytic (cryaipcluH). Average weight of mice : 10 g. to 12 g. 
Number of organisms : 2,000“ approx. (18 hours’ broth eulture) per c.c. 

Infection dose : 0‘7o e.c. 


Number 
of mice. 

i 

21 hours. 

•18 hours. 

1 

4 

72 hours. 

1 

OG hours. 

Autopsy and blood 
culture report of 
the dead mice. 

1 

‘ 1 

Injected subcutaneously 
with the drug before 
being infected mtraperi- 
toneally with the strepto- 
cocci. 

1 

1 All living 

1 

i 

All living 

i 

All living 

All living 


4 

Infected intraperitoneally 
with the streptococci. 

3 dead, 

1 surviving. 

1 surviving 

1 surviving 

1 surviving 

Strepto-hremolytio 


Table II. 


strain : atrepto-pyogenes (hsemolytic). Average weight of mice : 10 g. to 12 g. 
Number of organisms : 3,000“ approx. (18 hours’ broth culture) per c.c. 

Infection dose ; 0-5 c.c. 


Number 
of mice. 

! 

1 

1 

1 

24 hours. | 

48 hours. ! 

1 

1 

72 hours. 

96 hours. 

4 

1 

1 

1 

Injected subcutaneously 

with the drug before 
being infected intraperi- 
toneally with the strain. 

3 dead, 

1 living. 

1 living 

1 

1 living 

1 living 

4 

Infected with the strain 

All dead 

i 

1 

1 1 

•• 

•• 


Autopsy and blofKl 

culture report oi 
the dead mice. 


Strcpto-liffiiiinlytm 
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Table III. 


strain : strepto-ha;inolj’tio (puerperal septicasniia). Average weight of mice : 10 g. to 12 g. 
Number of organisms : ^.OOO* approx. (18 hours' broth eulture) per e.c. 

Infection dose : O-o c.c. 


Number 

of mice. 

# 

1 

1 

24 hours. 48 hours. 

72 hours. 

1 

96 hours. 

Autopsy and blood 
culture report of 
the dead mice. 

4 1 Injected subcutaneously 

with the drug before 

1 being infected intraperito- 
neally with the strepto- 
cocci. 

\ 

1 dead 1 3 living 

* 

1 

1 

1 

! 

3 living 

1 1 

3 living 

i 

1 

Strepto-hsemolytic 

4 Infected wth the strepto- 
cocci. 

1 

All dead | 

1 

1 

•• 

1 

i 


Table IV. 

strain j streptp-hoemolytio (scarlatina). Average weight of mice : 10 g. to 12 g. 
Number of organisms : 3,000“ approx. (18 hours’ broth culture) per e.c. 

Infection dose : 0-3 c.c. 


Number 
of mice. 

1 

t 

1 

2'4 hours. 

48 hours. | 

72 hours. 

96 hours. 

Autopsy and blood 
culture report of 
the dead mice. 

4 

Injected subcutaneously I 

with the drug before 1 
being infected intraperito- 1 
ueally with the strepto- 
cocci. 

All alive 

All alive i 

All alive | 

All .alive 


• 4 

Infected intraperitone.ally 
with the stre])tococci. 

1 dead, 

3 living. 

1 dead, 
2 living. 

2 living 

2 living 

Strepto-hoemolytio 


A striking pKenomenon in tke nature of development of nervous symptoms 
was noticed will e injecting a group of animals with a solution of the sulpCamSe 
that was left aside in an ampoule for a few weeks on the working table The soSon 
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had not undergoiie any apparent clianf'e excepting a slight alteration in colour, nor 
the substance present in it had altered to any extent, as tlie melting point of tlie 
substance obtained on evaporating the solution of the ampoule was found to 
remain unaltered when admixed witl» an ecpial portion of an authentic sample^ 
of p-amino benzene sulphonainidc. The symptoms varied from slight ataxic gait, 
tremors to severe convulsions leading to death in certain cases. Of course, this 
simple compound is not absolutely non-toxic {cf. Foidis and Barr, 1937) and is 
often found to j)roduce sulplucmoglobinaimia (Discombe, 1937). Investigations 
for finding out the mtiology of the above unusual symptoms are, Jiowever, in 
progress. 

An attemjjt was next made to study the action of the drug in vitro upon broth 
cultures. The following two tables give the results of J;hese experiments 


Table V. 


10 c.c. of nutrient brotli. 

2-1 iioiirs. 

IS hours. 

72 hours. 

95 hours. 

Strepto-htemolytic (scarlet) .. • 

Heavy 

(1,000”) 

Heavy 

(.'>,500”) 

Heavy 

(7,500") 

Heavy 

(7, .500”) 

„ + 7'5 ing. amide . . | 

Strepto-hcemolytic (puerperal aepticajniia) ■ 

„ -f- 7-5 mg. amide 

Slight 

(2.50”) 

Heav}' 

(5,000”) 

■ tf 

1 

if 

IFeavy 

(2.000“} 

1 

Hc.avy 

(7,000") 

Heavy 

(7, 500”) 

Heavy 

(7,500”) 

Slight 

(100”) 

Slight 

(250”) 

Slight 

(250“) 

Slight 

(250”) 

Strepto-lia3molytic (erysipelas) . . ■ 

Heavy 

( 1,500”) 

Heavy 

(3,000”) • 

Heavy 

(5,500”) 

Heavy 

(6,000”) 

„ -1- 7'6 rag. amide 

» 

>» 

Heavy 

(.5,000”) 

fi 

; 

Stvepto-liasmolytic (pyogenes) . . . 

Heavy 

(2,000“) 

Heavy 

(7,500“) 

Heavy 

(7,500“) 

Heavy 

_4I.500”) 

)> + 7‘5 mg. amide 

i ** 

Heavy 

(5,000”) 

>> 

ff 
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Table VI. 


10 c.c. of nutrient broth. 

24; hours. 

48 hours. 

72 hours. 

06 hours. 



Heavy 

Heavy 

Heavy 

Heavy 

Strepto-hoemolytio (scarlet) 


(2,500«) 

(7,500») 

(7,600") 

. (10,000") 

„ -b 10 mg. .amide 


Fair 

Fair 

Heavy 

Heavy 

1 



(1,000«) 

(2,000") 

(5,000") 

j 

(7,500") 


r 

Heavy 

Heavy 

Heavy 

Heavy 

Strepto-baemolytic (puerperal septicemia) 

1 

(5,0000) 

(5,000») 

(7,000") 

(7,500») 

„ -p 10 mg. amide 

1 






1 

; Nil 

Nil 

Nil j 

Nil 



Heavy 

Heavy 

Heavy 

Heavy 

Strepto-h®molytio (erysipelas) . . j 


(5,000“) 

(5,500") 

(7,500") 

(10,000") 

„ + 10 mg. amide 


Nil i 

Slight 

Slight 

Slight 


■ 


(100") 

(250") 

(250") 



Fair 

Heavy 

Hea-vy 

Heavy 

Strepto-hasmolytio (pyogenes) 


(1,500") 

(5, 500") 

(6,600") 

(7,500») 

i> .+ 10 rog. amide 


Slight 

Fair 

Heavy 

» 



(250") 

(3,000") 

(5,000") 



Discussion. 

From all the above tables it is evident that p-amino benzene sulphonamide 
has definitely protected mice against infections produced by some of the different 
strains of streptococci. The best protective action is found in the group infected' 
with strepto-haamolytic (puerperal septicaemia) strain (Table III). Here all of the 
unprotected and one of the protected died showing a 75 per cent survival amongst 
the treated animals. The next best result is found in the group infected with 
strepto-hsemolytic (erysipelas) strain (Table I) where three of the unprotected died, 
whereas all the protected animals survived. From Table IV, it is clear that the 
protective action against strepto-hsemolytic (scarlatina) is not so marked as 50 
per cent of the unprotected animals also survived. Lastly, in the group infected 
with strepto-pyogenes (Table II) 75 per cent death even amongst the protected 
animals tends to indicate an inefficacy of the drug. It will be noticed that there 
is a fair agreement between these observations and those obtained in test-tube 
experiments [mde Tables V and VI). But it may again be pointed out that this 
drug, being capable of producing sulphsemoglobinsemia, should be cautiously 
J, JIK 
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prescribed even in puerperal septicaemia cases, especially in India where a 
noticeable anaemia is often found to be present in a considerable percentage of 
women. For this, a study with other types of sulphonamide compounds has been 
contemplated, and a work in this direction is already in progress. 


Conclusion. 

It w6uld be unwise to make an attempt to draw up a list of conclusions from 
the examination of so small a number of animals, but it is permissible to say that 
we obviously have in p-amino benzene sulphonamide a powerful therapeutic 
agent at least for the treatment of infections caused by strepto-hcemolytic puerperal 
septictemia and erysipelas. Of course, it must be said that no explanation could 
be put forward for this selective protection against these two particular strains 
of streptococci. 


Lastl)’’, the authors wish to express their thanks to hlr. A. K. Choudhury, 
M.sc., of this Laboratory for much help in the course of this work. 
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It has been stated (Marrack, 1934) that diphtheria antitoxin concentrated 
by precipitation with sodium sulphate does not flocculate when mixed with an 
equivalent quantity of the toxin. As this flocculation reaction furnishes an easy 
means of determining the potency of an antitoxin in vitro, it will be useful if a method 
could be found by which diphtheria antitoxin precipitated by sodium sulphate can 
also be made to flocculate. In the case under consideration there seem to be two 
possible factors which acting either singly or jointly might inhibit flocculation viz 
W the adsorption by the antibody particles of some impurities which increase their 
hydrophil character and {ii) the accumulation in the system of a lar«e amonnf ef 
non-specific protems in the course of precipitation. If that be so thek elimination 
IS essential for bringing about the flocculation of the antigen-antibodv 
Loeb (1918) has shown that the adsorbing power of a protein is minimu^ at its^o ‘ 
electric point. This suggests a probable method of removing any impSes whfeb 
might have- been adsorbed by the antibody in the course of urJpiniFnr u 
.usting tie pH „t ae solu4„ to the vale obtil7at° ferS tint 
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Furthermore, if it be assumed that the adsorbed impurities are primarily responsible 
for inhibiting flocculation it follows that, after they have been removed by elution, 
a balanced mixture of the antitoxin and tlic toxin should flocculate, although the 
reaction under such conditions may not be very strong. The results obtained seem 
to justify this conclusion. 


Experiment. 

Flocculation of diphtheria antitoxin concentrated hy precipitation with 

sodium, sulphate. 

One hundred and fifty c.c. of fresh diphtheria antiserum were diluted to 300 c.c. 
with water and to this was added 300 c.c. of 26 per cent solution of sodium sulphate. 
The mixture was kept in an incubator at 37°C. until the precipitate settled down. 
The supernatant solution was filtered and to the filtrate enough sodium sulphate 
(anhydrous) was added to bring its concentration to 22'5 per cent. The precipitate 
obtained at this stage contained practically the whole of the antibody and was 
separated from the supernatant liquid by filtration. The precipitate was mixed 
with a small quantity of water and freed from sodium sulphate by dialysis against 
water in a cellophane bag. The solution of antitoxin was diluted ten times, its pH 
adjusted to 5*4, and left in a refrigerator at 4°C. for three days. After this period 
the clear supernatant solution was withdrawn and was divided into two portions. 
To one portion, sodium chloride and to the other sodium citrate were added until 
their concentrations in the solutions were 0‘9 per cent and 3’4 per cent respectively. 
Flocculation tests were then carried out on each of these samples and were found 
to be successful in each case. In all three lots of antitoxin concentrated by the 
method described above were tried. The fresh antisera were obtained from 
the test-bleeding of horses under immunization. The results are recorded m 
Table I, It will be noticed from these data that, in each case, the potency 
determined by the flocculation test agrees well with that determined by animal 
experiments. 


Table I. 

Sample number 
of concentrated 
antitoxin. 

Units per c.c. 
determined by 
flocculation test. 

l/nits per c.c. 
determined by 
animal experi- 
ment. 

i 

1 1 

' 226 

200 

2 

375 

330 

3 1 

1 

610 

480 


Effect of pH on the flocculation of a balanced mixture of diphtheria 
toxin and its concentrated antitoxin. 

Using fresh diphtheria antitoxin, Schmidt fl930) noticed that the rate o 
flocculation of a balanced mixture of the toxin and the antitoxin depends to » , 

extent on the reaction of the medium. According to him at pH 4-5, pH 4-9o, 
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pH 9-5 the rate of flocculation was very slow, while between pH 6’55 and pH 8*0 
it was constant and fairly rapid, and at pH lO'O flocculation did not occur. 
Experiments were undertaken to ascertain how far the flocculation of concentrated 
diphtheria antitoxin depends on the reaction of the medium. The antitoxin used 
by us was concentrated by the method described in a previous paper (Ghosh and 
Eay, 1937). We have found that the rate of flocculation of a balanced mixture of 
the toxin and its concentrated antitoxin was the quickest between pH 6*6 and 
pH 8’0. Below pH 6' 6 and above pH 8‘0 the rate of flocculation became 
increasingly slow and at pH lO'O flocculation did not occur. This shows that the 
range of pH within which the rate of flocculation is nearly constant and fairly 
rapid is shorter with concentrated than with unconcentrated diphtheria antitoxin. 


Effect of fH on the flocculation of a balanced mixture of tetanus- toxin 
and its concentrated antitoxin'. 

The antitoxin used in these experiments was concentrated by the method 
described in our previous paper (Ghosh and Eay, loc. cit.). Theresults obtained are 
recorded in Table II. It will be noticed that the rate of flocculation was nearly 
constant and fairly quick between pH 5‘3 and pH 7-2. Below pH 5’3 and above 
pH 7'2 it became increasingly slow and at pH 9’8 flocculation did not occur. 


Table II. 


pH. 

Time required for 
flocculation. 

Hour. 

Minutes. 

4'6 

1 

20 

50 

0 

46 

5-3 

0 

35 

5-8 

0 

35 

6*2 

0 

35 ■ 

7-2 

0 

41 

8-0 

0 

48 

9-8 

a 

a 
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Determination of the 2 iotency of concentrated dijditlieria antitoxin by- 
Jlocculation test and by animal experiment. 

In a previous paper (Ghosli and Hay, loc. eit.) sonie results were recorded showing 
that tliere is a fair agreement between the values of the potency of the concentrated 
diphtheria antitoxin determined by the flocculation test and by animal experiment, 
further work in this line w as continued a nd the results so far obtained are recorded 
in Table III. It will be noticed that these results fully confirm the views expressed 
in our previous paper. It may be mentioned that each sample of concentrated 
antitoxin used was prepared from a mixture of fresh antiserum obtained from tour 
or five immunized horses. 


Table III. 

Sample number 
of antitoxin. 

1 Units per c.c. 
by flocculation 
test. 

Units per c.c. 
by animal 
experiment. 

1 

1 1,070 

1,000 

2 

1 2,000 

2,00Q 

3 

1 750 

840 

4 

1,800 

1,800 

6 

[ 1,490 

1,600 

6 

1 700 

750 

7 

1,000 

1,150 

8 

1,400 

1,550 

9 

2,250 

2,200 

10 

1,380 

1,600 

11 

1,500 

1,600 

12 

1,600 

1,800 


Determination of the potency of concentrated tetanus antitoxin by the 
flocculation test and by animal experiment. 

In a previous paper (Ghosh and Kay, loo. at.)- some Preliminary results 
recorded showing that the potency of tetanus antitoxin 
flocculation test agrees satisfactorily'' with that determined by animal exp 
The results of further experiments in this line are recorded in Table i • ^ 

sample of concentrated antitoxin used in these experiments was P^®f -g pjo- 
mixture obtained by pooling the sera of five or six immunized hoises. J- 
cedure has the advantage that if the serum of one of these hoises 
poorly avid, then in the mixture its effect will be greatly leduced owing to cu 
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by the sera of the other horses. It will be noticed from the data recmded in 
Table IV that there is good agreement between the results obtained by noccula- 
tion test and those obtained by animal experiment. The results are expressed 
in American units. 


Table IV. 


Sample number 
of antitoxin. 

Units per c.c. 
by flocculation 
teat. 

Units per c.c. 
by animal 
experiment. 

1 

1,500 

1,600 

• 2 

1,000 

1,000 

3 

800 

750 

4 

1,000 

1,000 

5 

700 

820 

6 

850 

000 

7 

900 

1,000 

. 8 

530 

600 

9 

1,206 

1,200 

10 

1,000 

1,150 

11 

860 

750 

12 

1,250 

1,200 

13 

1,100 

1,000 

14 

913 

980 

15 

675 

750 

16 

884 

960 

17 

990 

1,080 


Conclusion. 

A method has been evolved by which diphtheria antitoxin concentrated by 
precipitation with sodium sulphate can be made to flocculate. 

The rate of flocculation of a balanced mixture of diphtheria toxin and the 
concentrated antitoxin depends on the pH of the medium. It is nearly constant 

and fairly rapid between pH 6-6 and pH 8'0. At or above pH lO'O flocculation 
does not occur. u. a. 



476 Adsorption of Antigens hg Antibodies or Vice Yersa. 


The rate of flocculation of a balanced mixture of tetanus toxin and its con- 
centrated antitoxin is nearly constant between pH 5'3 and pH 7'2. Below pH 
5’3 and above pH 7’2 it becomes increasingly slow and above pH 9'8 flocculation 
does not occur. 

In continuation of previous work further results which have been obtained 
show that the potency of the concentrated diphtheria antitoxin as well as that of 
the concentrated tetanus antitoxin determined by the flocculation test agrees well 
with that determined by experiments in vivo. 
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It was first observed by Danysz (1902) that a given amount of antitoxin 
whicb neutralizes a fixed quantity of ricin, when tbe latter is added to tbe former in 
one instalment, fails to do so when the addition is effected in several instalments 
at intervals of, say, 15 minutes. Later investigation showed that this pheno- 
menon is fairly general and occurs with other pairs of toxin-antitoxin as well. 
Schmidt (1930) records that electrolyte-free mixtures of diphtheria toxin and 
antitoxin do not show this peculiarity in their reaction. Very little is as yet known 
regarding the mechanism of the reaction which causes this phenomenon. Bordet 
(1903) attempted to explain it on the basis of its close resemblance to the adsorption 
of a dyestuff by blotting-paper. It has been observed that when to a given volume 
of a dye solution a certain number of blotting-papers is added all at once, then the 
amount of dye adsorbed is less than when the same number of blotting-papers is 
added to the dye solution one after another at intervals of, say, 20 minutes. 
It follows from Bordet’s picture that the ricin behaves like the blotting-paper and 
the antiricin like the dye, so that when the first portion of the toxin is added, it 
adsorbs more of the antitoxin than is necessary to neutralize it and the subsequent 
portions do not get enough antitoxin for their neutralization, with the consequence 
that the final mixture is toxic. If this view be correct, then the Danysz effect is 
associated with the inequality of distribution of the antitoxin among the different 
portions of the toxin, depending on the sequence of their addition and, with the 
attainment of uniformity of distribution of the antitoxin among the different 
portions of the toxin, the effect should disappear. Prom observations recorded 
by various authors (Cromwell, 1923 ; Ramon, 1930) it follows that toxin-antitoxin 
reaction is reversible at least to a great extent, if not completely so. Therefore if a 
toxin-antitoxin mixture showing Danysz effect to start with is allowed to stand for 
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24 hours. The results obtaiuccl in one set of experiments in which the toxin 
was added to the antitoxin in exactly the same way as in experiment 4 in 
Table II are recorded in Table III : — 


Table III. 


Incubatiou iwriod 
in hours before 
injection. 

Observed intensity 
of reaction. 

1 

+ + 

1 

2 

+ + 

3 

+ + 

4 

+ + 

0 


24 

1 

+ + 


=* The Danysz effect in the reaction belxveen staphylolysin and 

its antilysin. 

It is well known that staphylococcal toxin can hEemolyse the red blood 
corpuscles of animals. This htemolytic principle is called staphylolysin. 
Danysz effect in staphylolysin-autilysin reaction was first observed by Sachs (1904). 
We have re -investigated the subject in greater detail. Samples of staphylococca 
toxin and antitoxin were taken and their dilutions so adjusted by trial that 2 c.c. 
of the diluted antitoxin when mixed in one instalment with 2 c.c. of the dilutef 
toxin the resulting mixture after 30 minutes’ incubation at 37 °C. produced very 
slight hmmolysis in 0'5 c.c. of a 0’4 per cent suspension of red blood corpuscles o 
rabbit. We first tried the effect of addition of 2 c.c. of the antitoxin in two or 
instalments, at suitable intervals of time, to 2 c.c. of the toxin solution. 
results are recorded in Table IV. The minus sign indicates no htemolysis, the ± 
sign denotes very slight hmmolysis, and +, ++, and +++ signs represent slignt- 
moderate, and complete hremolysis, respectively. In these experiments 0'5 c.c. o 
4 per cent rabbit red blood corpuscles was added to 4 c.c. of the toxin-antitoxin 
mixture. Readings were taken three hours after the mixing of the red Woo 
corpuscles. It will be noticed from the following data that when the antitoxin^ 
added, to the toxin in two or more instalments, at intervals of 20 minutes, e 
resulting mixture does not produce any haemolysis. It therefore contains u 
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excess of antilysin. This excess was found to he equivalent to only 0'02 c.c. lo 
0-03 c.c. of the diluted toxiu and hence constitutes 1 to 1-5 per cent of the total 
antitoxin used. 

Table IV. 

Volume of the diluted toxin tctJcen = 2'0 c.c. 


Time op addition of the 

ANTITOXIN. 

Observed inteMity 
of the reaction. 

12 a.m. 

12-20 p.m. 

12-40 p.m. 

2 c.c. 


. . 


1 c.o. 

1 c.c. 

•• 

± 

1 c.c. 

-- 

1 c.c. 

— 

1 c.c. 

O'o c.c. 

0-5 c.c. 

- 

0-5 c.c. 

1 c.c. 

0-5 c.c. 

— 


The effect of addition of toxin in different instalments to the antitoxin was 
next investigated. The other experimental details were exactly the same as 
described before. The results are recorded in Table V. It will be noticed from 
these data that when the toxin is added to the antitoxin in three instalments the 
resulting mixture is more toxic than when the addition is completed in two 
instalments. 

Table Y. 


Volume of the diluted antitoxin taken = 2'0 c.c. 


Experiment 

number. 

t 

Tiqie of addition of the 

antitoxin. 

Observed intensity 
of the reaction. 

11 a.m. 

11-25 a.m. 

11-50 a.m. 

1 

2 c.c. 

• . 

• . 

± 

2 

1 c.c. 

1 c.c. 

•• 

-1-t- 

3 

1 c.c. 

• • 

1 c.c. 

-f-f 

4 

1 c.c. 

1 0-5 c.c. 

0’5 c.c. 

+ + + 

6 

0-5 c.c. 

I 1 c.c. 

0'5 c.c. 

+ + + 


The effect of increasing the incubation 'period of toxin-antitoxin mixture 

on Danysz effect. 

The effect of increasing the period of incubation of the toxin-antitoxin mixture 
a ter the addition and nuxing of the last portion of the toxin was then investigated. 
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The toxiu was added to the antitoxin in the manner indicated in experiments 
2, 4, and 5 hi Table V. The period of incubation was varied from 1 to 24 hours 
in each case. It was found tliat tJie haemolytic power of the toxin-antitoxin 
mixture did not decrease during this period of incubation. 

The results obtained in one typical set of experiments in which the toxin was 
added to the antitoxin in the manner described in experiment 5 in Table V are 
recorded in Table VI : — 


Table VI. 


Ineubatiou period 
in hours before 

injection. j 

1 

Observed intensity 
of reaction. 

1 ! 

-h-f--}- 

2 


4 

-i-f + 

G 

^ -b-f-b 

24 

1 

-b-b-b 


Conclusion. 

1. When a given amount of staphylococcus antitoxin is added to an equivalent 
quantity of the toxin in two or more instalments, at intervals of 20 minutes, the 
resulting mixture is neutral as measured by its dermo-necrotic efiect. 

2. If, however, the toxin is added to the antitoxin in two or more instalments, 
at intervals of 20 minutes, the resulting mixture is markedly toxic, as measured 
by the necrosis it produces on intradermal injection into rabbits. This property 
of the mixture does not appear to decrease with lapse of time. 

3. When a given amount of staphylococcal antitoxin is added to an equivalent 

quantity of the toxin, at intervals of 20 minutes, the resulting mixture is com- 
pletely non-toxic or slightly over-neutralized as measured by its hiemolytic 
properties. _ ■ 

4. On the other hand, when the toxin is added to an equivalent quantity o 
the antitoxin in two or three instalments, at intervals of 25 minutes, the mixture 
obtained is highly haemolytic and its haemolytic power does not decrease wi 
lapse of time. 
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The comparison of results obtained witli vaccine prepared from different 
strains of fixed virus, and with different preservatives, which forms the subject 
of this communication, was undertaken to determine whether other methods had 
any advantage over the method in general use in India, i.e., the use of a carbolized 
5 per cent suspension of sheep’s brain infected with the Paris strain of fixed virus. 

Materials and methods. 

The strains of fixed virus used in the experiments were : 

(a) The Pasteur Institute, Paris, strain. 

(b) The Pasteur Institute, Kasauli, strain. 

( 483 ) 
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(c) Five strains including the above, viz., Paris, Kasauli, Jack-Human, 
Kasauli fixed virus -1, and Kasauli fixed virus 5. 

The animals used in the preparation of tlie vaccines were rabbits and sheep 
and the preservatives were formalin and carbolic acid. 

The experimental animals used in testing the efficacy of the various vaccines 
were monkeys, and the infective material used as test doses for this purpose was 
various freshly isolated strains of street virus. 

The method of preparing the carbolized vaccines was that described by 
Shortt, Malone, Craighead and McCTiiire (1934), while formolized vaccines were 
prepared as follows ; — 

The brain and cord of a rabbit which had died of fixed vh’us infection were 
weighed. 

This was ground into an emulsion with sand and a measured quantity of 9 
per cent salt solution equal to half the weight of the brain and cord. 

The emulsion was allowed to stand in the ice-chest overnight and then distilled 
water was added up to nine times the original quantity of salt solution. 

This made a 20 per cent emulsion in normal saline. 

Normal saline was then added to make a 5 per cent emulsion. This was 
formolized with 5 parts per 1,000 formalin. This technique was based on that of 
Hindle (1928) for the preparation of a yellow-fever vaccine. 

The experimental routine followed was to immunize the animals, allow 
sixteen to seventeen days for the development of immunity, and then to 
infect them with the test street virus. Although the dosage was calculated 
on the dose for weight principle, each monkey being given the equivalent 
of the highest dose given to human beings bitten on the face, the 
monlceys were graded for size and, in each experiment, were actually all given 
a flat dose of the amounts stated. 


Experiments. 

The results of experiments with each individual street virus are given separatel} 
in the tables below, along with any appropriate comments and these are followe 
by combined tables summarizing all the results. It may be pointed out that 
while each of the tables giving the results with a particular street virus gives 
a true indication of the interactions between the immune bodies and the 
street virus, the combined table gives a somewhat artificial picture since the 
street viruses used were different in each individual experiment and of varying 
virulence. 
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Table I. 


Experiment 39. 

P re-inf eclional immunizaiion experiment. 


Treatment. 


J. FormaHn 5 per cent Kasauli 
strain rabbit vaccine. 


2. Formalin 5 per cent Paris 
strain rabbit vaccine. 


3. Carbolized 5 per cent KasauU 
strain rabbit vaccine. 


4. Carbolized 5 per cent Paris 
strain rabbit vaccine. 


6. Carbolized 5 per cent polj'valent 
rabbit vaccine. 


6. Controls 


O ,N 

•2 S 

i.§ 

iz; 


Dosage. 


13 


13 


13 


13 


1.3 


Daily flat dose 
't of 2’6 c.c. for 
14 days. 


33 -4* 

2 2 
S IS 

o 

a5 


I!al 


'3 

O 


13 


12 


13 


13 


13 


13 


t ^ 

I 


10 






1* 


3t 


n 






* Passaged — not rabies, 
t One passaged — not rabies. Two not 
passaged— no symptoms of rabies. 


J Two passaged — not rabies. 
§ One passaged — not rabies. 




.3 A a 

1 § i 

S'®! 

^ -S ^ 

§ o'! S 
S 3.35 
« y o 




12 


10 . 


IM 


18-1 


18-1 


16-6 


76-9 


J. HR 


11 
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In this experiment all the vaccines gave a high , degree of immunity and 
the street virus was of normal virulence. 


Table 11. 

Experiment 41. 

Pre-injeclioiml immunization experiment. 


Treatment. 


Dosage. 


a>s 2 

a fl'S 



1. Formalin 5 per cent Kasauli 
strain rabbit v.accine. 


Formalin 5 per cent 
strain rabbit vaccine. 


3. Carbolized 5 per cent Kasauli 
strain rabbit vaccine. 


Daily flat dose ' 
of 2*5 c.c. for ■{ 
14 davs. I 


0 7 


Carbolized 5 per cent Paris 
strain rabbit vaccine. 


0 9 


5. Carbolized 5 per cent polyvajent 
rabbit vaccine. 


1 * 9 


6. Carbolized 1 per cent Paris 12 j Daily flat close 
strain sheep vaccine. 1 of 0’28 c.c. for 

I 14 days. 


It 3 


7. Carbolized 5 per cent Kasauli 4 , Daily flat dose of 

strain sheep vaccine. , 5 c.c. for 7 days. 


S. Controls 


12 J I 11 


One passaged — not rabies. 


Not jjassaged — died of pneumonia. 


otlier cauHCH. 



/ 
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In this experiment, vaccines Nos. 3 and 6, especially the latter, were 
relatively ineffective against a street virus of high virulence as judged by the 
death rate among controls. 


Table III. 
Experiment 46. 


P re-inf ectional immunization experiment. 


Treatment. 

Number of monkeys 
immunized. 


Number of monkeys 
infected with street 
virus. 

Method of infection. 

Died of rabies. 

Died of other causes 
after infection. 

Fscaped infection. 

Percentage of deaths 
due to rabies ex- 
cluding deaths from 
other causes. 

1, Formalin 5 per cent Kasauli 
strain rabbit vaccine. 

15 


15 

' 


2 

0 

13 

13-3 

2. Formalin 5 per cent Paris 
strain rabbit vaccine. 

15 


13 



3 

0 

10 

23-0 

3. Carbobzed 5 per cent Kasauli 
strain rabbit vaccine. 

15 

1 Daily flat dose i 
>■ of 2-5 c.c. for 

14 days. 

15 

i 


3 

0 

12 

20-0 

4. Carbolized 5 per cent Paris 
strain rabbit vaccine. 

15 


14 

u 

v 

C 


2 

0 

12 

14-2 

5. Carbolized 5 per cent polyvalent 
rabbit vaccine. 

15 

) 1 

13 

. CO 

03 

a 

C3 

HH 


1 

0 

12 

7-6 

6. Carbolized 1 per cent Paris 
strain sheep vaccine. 

15 

Daily flat dose of 
0-28 c.c. for 14 
days. 

10 



i 1 

0 

9 

10-0 

7. Carbolized 5 per cent Paris 
strain sheep vaccine. 

15 

Daily flat dose of 
5 c.c» for 7 days. 

14 



1 

0 

13 

7-1 

8. Controls 



15 

J 


7 

0 

8 

46-6 
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The production of immunity in this series of animals was relatively poor 
considering the low virulence of the street virus. 


Table IV, 


Experiment 65. 

P re-inf ectional immunization experiment. 


Treatment. 


1. Eormalm 5 per oent KasauU 
strain rabbit vaccine. 


Formalin {> per cent Paris 
strain rabbit vaccine. 


3. Carbolized 3 per cent Kasauli 
strain r.abbit vaccine. 


4. Carbolized 5 per cent Paris 
strain rabbit vaccine. 


6. Carbolized 5 per cent polyvalent 
rabbit vaccine. 


6. Carbolized 1 per cent Paris 
strain sheep vaccine. 


7. Carbolized 5 per cent Paris 
strain sheep vaccine. 


8. Controls 


o 

.X 

a 

o 


'3 
O a 
s 

*5 

a 6 


Dosafie. 


0 i "1 


Daily flat dose 
i- of 2'5 e.c. for 
14 days. 


Daily flat dose of 
0-28 c.c. for 14 
days. 


Daily flat dose of 
6 c.c. for 7 days. 


CO 

G a? 

O 

S-s? 


o R » 

Ba g 

G 




C 

o 

V* 

o 

O 

'G 

O 

o 


f 73 -,1 


Died of rabies. 

1 Died of other causes 
after infection. 

a 

o 

o 

C«H . 

a 

<D 

a 

o 

03 

S 

1 Porcentago of deaths 

1 duo to rabies in- 
\ eluding deaths from 

1 other causes. 

2 

1* 

3 

40'0 

0 

0 

r> 

, 0 

3 

0 

3 

60'0 

2 

0 

4 

33'3 

2 

0 

3 

40-0 

2 

0 

3 

40-0 




25*0 

1 

2t 



6 

0 

0 

100*0 

.11 


* Passaged— not rabies. | One died of pneumonia. N. B. not seen. One passaged— no result' 
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' In this series, the street virus was of the highest virulence and this is 
reflected in the relative inejBflciency of the vaccine. Vaccine No. 2 gave an 
extremely satisfactory result. 


Table V. 


Experiment 66. 

P re-inf eciional immunization experiment. 


Treatment. 


ca 


Cfi -4^ 

|2 


o 

ua 


O 

G ; 

C n 


a ' 


1 

O CJ 

Dosage. 


C4H 


— 

S® . 

•A 03 

O 

!2; " 


a-a g 

p£3 



0) 


1. 


Pormalin 5 per cent Kasauli 
strain rabbit vaccine. 


2. Formalin 5 per cent Paris 
strain rabbit vaccine. 


3. Carbolized 5 per cent Kasauli 
strain rabbit vaccine. 


4. Carbolized 5 per cent Paris 
strain rabbit vaccine. 


6. Carbolized 5 per cent polyvalent 
rabbit vaccine. 


6. Carbolized 1 per cent Paris 
strain sheep vaccine. 


7. Carbolized 5 per cent Paris 
strain sheep vaccine. 


8. Controls 


Daily flat dose 
}• of 2-5 c.c. for { 
14 days. I 


Daily flat dose of 
0'28 c.c. for 14 
davs. 


Daily flat dose of 
5 0 . 0 . for 7 days. 


) I 


Died of rabies. 

• 

Died of other causes 
after infection. 

o 

'43 

o 

r® 

:§ 

0) 

& 

o 

00 

H 

Percentage of deaths 
due to rabies ex- 
cluding deaths from 
other causes. 

1 

0 

4 

20-0 

1 

0 

3 

25-0 

1 

0 

4 

20-0 

1 

0 

4 

20'0 

0 

0 

4 

0 

1 

0 

4 

20-0 

0 

•0 

■5 

0 

2 

0 

3 

40-0 
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• The immunity produced iu this series was poor consideriug the low virulence 
of the street virus. 


Combined Table VI. 

P re-inf ectional immunization experiment. 


Trealmcat. 


1 <= 

* I 

1 ‘o'B 


J 3 
3 § 
o a 


1, Formalin 5 per cent Kasauli | 51 

strain rabbit vaccine. i 

2. Pormalin 6 per cent Paris ! 51 

strain rabbit vaccine. I 

3. Carbolized 5 per cent Ka saulii 51 
strain rabbit vaccine. i 

I 

4 . Carbolized 5 per cent Paris j 61 
strain rabbit vaccine. 


6. Carbolized 6 per cent polyvalent 
rabbit vaccine. 

6. Carbobzed 1 per cent Paris 
strain sheep vaccine. 

7 Carbolized 5 per cent Kasauli 
strain sheep vaccine. 

8. Carbolized 5 per cent Paris 
strain sheep vaccine. 


% Controls 


61 


38 


26 


Dosage. 


to 

o‘ ^ 

•c-S 

o 


is 


St" g 

3 C‘^ 




.s > 


I 

Daily flat dose i 
L of 2*5 c.c. for { 
14 days. . 


Daily flat dose of 
0*28 e.c. for 14 
days. 

Daily flat dose 
of 5 c.c. for 
7 days. 


51 


45 


51 


49 


46 


29 


25 


i 51 


s 

o 


o 


o 

WH 


.s 

3 

0 

03 

1 

g 

I 


a 

u 


o 


14 


I 


36 


o o 

^ o 
o a 

V* 

c 

0 

S 


3* 

‘4 

4 

2t 

n 

0 

211 


a 

.2 

O 

a 

.s 

& 

O 

CD 

W 


41 


34 


35 


38 


38 


19 


21 


15 


.a H S 

0 p 
d * 
o ^ 
r0 in ^ 

0 Cj cJ V 

PUS 

o d 5 
to . ^ 

g Js 

irgll 


14-5 


♦ 1 nassaced— not rabies. t 2 passaged— not : 

t 3 „«d-not »bta. S Not p«„.ged-died of poeumom.. 

*\ One passaged— not rabies. One not passaged— died of pneumonia. 


17'U 


28*5 


lfl-1 


13'6 


32-1 


33-3 


8-7 


70-5 


a— not rabies. 2 not passaged— not rabies. 
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The combined results of the five experiments in which eight different kinds 
of vaccines were used show that immunization of monkeys before infection has 
a very considerable saving effect. This is most marked in the case of carbolized 
5 per cent Paris strain sheep vaccine. 

A comparison of the results of using formalin instead of carbolic acid as a 
preservative for the vaccine is made in Table VII ; — 


Table VII. 


Preservative used in the 
vaccine. 

Number of monkeys 
immunized. 

Dosage. 

Number of monkeys 
infected with street 
virus. 

Pormaliu 0'2 per cent .. 

102 

1-75 

grammes* 

96 

Carbolic acid — 0'6 per cent 

183 

1-75 

174 



grammes. 



O 




O 


o ^ 

u 


14 


32 


a 

o 

93 

w 


75 


134 


05 * d 

3 g i 
g * 

ra 93 

® a> ® 

o g eS 
M ; 
T3 ' 
6f' . 


3'-2 


' 3 

_ ,1 to 2 

g§'i| 

jgT3 O O 


15'7* 


19-2* 


* 38 auinials immunized with carbolized 1 per cent vaccine, which received only 0*39'^ 
material, have been e-xcluded from the above figures. ^ “ 


gramme of brain 


_ This table shows a slight advantage in the use of formalin but this is not 
significant. 
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A comparisou of the results obtained with the Kasauli, Paris, and polyvalent 
strains of fixed virus is made in Table VIII : — 


Table VIIL 


• 

Strain of fixed virus. 

ca 

S‘ 

*A 

o 

3 

o ^ 

a 
a a 

Dosage. 

Number of moiikcj's 
infected with street 
virus. 

Method of infection. 

Died of rabies. 

Died of other causes 
after infection. 

Escaped infection. 

i Percentage of deatha 
due to rabies ox* 
eluding deaths from 

1 other causes. 

Kasauli . . 

106 

1 

1-75 

grammes. 

I 

1 

105 

\ 

o 

o 

0 

d 

I 

I 

) 

! ^2 

[ 

5 

78 

22-0* 

Paris 

128 

1-75 

grammes. 

119 

• ri 

1 

m 

d 

a 

d 

u 

18 

8 

93 

•J 

( 

]6'2* 

Polyvalent 

51 

1-75 

grammes. 

46 

) M I 

6 

• 2 

38 

13-6* 


*3S animals immunized with carbolized 1 per cent vaccine, which received onlj’ 0'392 gramme of br 
material, have been excluded from the above figures. 


This table shows some advantage in the cases of the Paris and pdyvalen 
vaccines, but it must be remembered that the latter also contains the Pans 
strain of fixed virus. 


The duration op immunity in monkeys experimentally immunized 

AGAINST RABIES. 

As a considerable number of monkeys which had been used in various 
experiments in connection with antirabic immunization was found to ® 
available, it was decided to utilize these in an attempt to determine the presence 
and degree of immunity existing six months and more after the last immunizing 
dose. 
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: The monkeys available were those which had escaped the results of infection 

with street virus in the experiments previously described and had, therefore, each 
been through the following process of immunization : — 

(а) A course of vaccine containing killed fixed virus. 

(б) A single inoculation with living and fully virulent street virus. 

The results of the individual experiments are given separately in Tables IX 
to XI followed by Table XII in which the results of the (five experiments are 
combined. 


Table IX. 
Experiment 45. 


Duration of immunity in immunized animals. 


Nature of treatment. 

Number of monkeys 
infected with street 
virus. 

Method of infection. 

Died of rabies. 

Died of other causes. 

Escaped infection. 

Percentage of deaths 
due to ' rabies ex- 
cluding deaths from 
other causes. 

1. Pormalin 5 per cent Kasauli strain 

10 

\ 


r 

o 

mt 

0 

8 

20-0 

rabbit vaccine. 









2. Formalin 5 per cent Paris strain rabbit 

8 




0 

0 

8 

0 

vaccine. 



c; 















3. Carbolized 5 per cent Kasauli strain 

9 


o 


1 

1* 

7 

12o 

rabbit vaccine. 












1 — *1 






4. Carbolized 5 jier cent Paris strain rabbit 

7 

' 

V3 

3 


0 

0 

7 

0 

vaccine. 



a 






6. Carbolized 5 per cent polyvalent rabbit 

10 


a 


2 

0 

8 

20-0 

vaccine. 


• 







6. Controls 

12 

1 



12 

0 

0 

100-0 


* Passaged — ^not rabies. 

iV ole . — Animals surviving from experiment 39 were used. ’ , 

Date of commencement of immunization for experiment 39 — 24th June, 1931. 

Date of completion of immunization for e.xperiment 39 7th July, 1931. 

^^4 ni^ th^'" mfection with street virus 1 for experiment 39 — 24th July', 1931. 

^ et mo th^ ■^‘Tus 2 for experiment 45— 10th Februaiy, 1932. 
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This .experiment is less satisfactory as the infecting street virus . was of low 
virulence. Again, however, the Paris virus shows up well, even when the vaccine 
prepared from it is used as a 1 per cent emulsion. 


Combined Table XII. 


Duration of immunity in immunized animals. 


Nature of treatment. j 

1 

Number of luonkoys 
infected with street 
virus. 

Method of infection. 

_ 

Died of rabies. 

Died of other causes. 

Escaped infection. 

Percentage of deaths 
duo to rabies ex- 
cluding deaths from 
dtlier causes. 

1. formalin 5 per cent Kusauli strain 

/ 

26 j 

1 

f| 

2 

1 

23 

8-0 

rabbit vaccine. 

1 

j 

1 


' 



2. Formalin 5 per cent Paris strain 

24 ) 



0 

0 

24 

0 

rabbit vaccine. 

1 

1 







3. Carbolized 5 per cent Kasauli strain 

23 



2 

1* 

20 

O'O 

rabbit vaccine. 


.ii 








O 

C 




i 


4. Carbolized 5 per cent Paris strain 

24 

Cm 

o 


0 

1* 

23 

0 ‘ • 

rabbit vaccine. 










t O 1 

O » 








CD 

1 





6. Carbolized 5'per cent polyvalent rabbit 

25 

a 1 


4 

0 

21 

16'0 

vaccine. 


C3 














6. Carbolized 1 per cent Paris strain 

7 



0 

It 

6 

0 

sheep vaccine. 








7. Carbolized 5 per cent Paris strain 

8 



0 

0 

8 

0 

sheep vaccine. 








8. Controls 

34 


1 

r- 

24 

0 

10 

70'5 


* Passaged — not rabies. f Passaged — no results. 

Note . — Animals surviving from experiments 39, 41, 65, and 66 were used. 


Combined Table XII shows that a very high degree of immunity is presen 
six months or more after immunization by all the vaccines used. The degree o 
immunity is much greater than in the experiments where monkeys were tested a 
few weeks after immunization, as a comparison with the first series of experimen s 
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described above will show. The reality of this greater immunity is also evidenced 
by the fact that the virulence of the infecting viruses is the same as in the previous 
experiments. 

We are inclined to attribute this high degree of immunity to the fact that the 
monkeys in this series had already (in previous experiments) received and survived 
a dose of live and virulent street virus which conferred a degree of immunity not 
readily obtainable with dead vaccines. 

Summary and Conclusions. 

1. Antirabic killed vaccine prepared with different strains of fixed virus and 
preserved with either formalin or carbolic acid produces a considerable degree of 
immunity. 

2. Formalin and carbolic acid have no special advantages, one over another, 
as preservatives for the vaccine. 

3. The Paris strain of fixed virus appears to be a better antigen than the 
other strains experimented with. 

4. A very high degree of immunity exists six months or more after immuniza- 
tion when the production of the latter has involved the use of one dose of live and 
virulent street virus. 
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infections witli B. cams, the dogs were not known to be ‘ clean ’ dogs, and tick- 
proof kennels were not used, these experiments would appear to lose much of their 
value since in most parts of India the ground is infested with, ticks of various species 
and B. gihsoni is not an uncommon parasite in northern India. 


Experiments in the present series. 

Materials. — The dogs used were all indigenous, i.e., born in India, although 
not necessarily ‘ pie ’ dogs. Dogs collected from the bazaars in Madras, even when 
mere puppies, are infected with B. canis in the proportion of about 90 per cent. 
Out of over 400 dogs collected from the same areas and from the Madras lethal 
chamber not one showed infection with B. gibsoni. Now, as mentioned above, we 
have found that once infection with B. gibsoni is established the parasites are 
always present in the blood although the numbers may vary from day to day in 
the same dog, so that unless extremely rare it would have been in evidence in 
some at least of the dogs. In illustration of this point we give below parasite 
counts made daily in two dogs from the establishment of infection up to death 
of the animal. 

A certain number of our animals were pregnant bitches imported from the 
hill station of Coonoor. These gave us clean puppies with which to work. 

The ticks employed in our experiments were of one species only, viz., 
H. bispinosa. The ticks were originally collected from jackals and from 
these a breeding stock was established which was utilized in all experiments. 
This tick fed readily on dogs and jackals and clean ticks were available 
throughout the investigation.' A species of Hyalojnma was found on one 
occasion on a young jackal and three times was encountered in jackal dens 
but was definitely rare. H. bispinosa, on the other hand, swarmed on the jackals 
and in their dens. 

Methods. — During the conduct of these experiments no species of ticks other 
than H. bispinosa was brought into the laboratory. This was to avoid any possible 
mixing up of species which might occur in the earlier stages of the ticks. The 
dogs used in the experiments were ‘ de-ticked ’, wa.shed in an insecticide, and 
accommodated in cages previously sterilized and mounted on tables which stood 
in disinfectant solution. The cages themselves, in the case of those dogs w’^hich 
were used for feeding ticks, were entirely enclosed in muslin bags which were changed 
daily and from which engorged ticks were collected after they had dropped from 
the dogs. 

The procedm’e in any individual experiment was- as follows ; — 

Clean labora;tory-bred ticks, larvae, nymphs, or adults were fed upon a dog 
infected with B. gibsoni. The engorged ticks, after dropping, were collected and 
kept until they moulted into the next stage. If the stage to be experimented with 
was that subsequent to the one fed, the newly moulted ticks were placed on a clean 
dog or jackal with the object of infecting the latter, if possible. If a later stage 
was to be the subject of experiment, the intermediate feed was also on a normal 
annual. As examples, ticks fed as larvae on an infected dog could be used in trans- 
mission experiments as (o) nymphs and (h) adults (with one intermediate feed), and 
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ticks fed as adults could be used in transmission experiments as larvte and nymphs 
(hereditary transmission through the egg). 


Exi‘EULMEXT.S. 


Table IL 


Table showing experi menial infection of dogs and jackals ivith B. gibsom, 
using the jackal lick Hiemaphysalis bispinosa. 


Experiraontal 
animal and 
number. 

Stage of ticks 
infected by 
feeding on an 
infected dog. 

1 Stage of same 
' ticks used for 

1 transmission 
j experiments. 

Result. 

Incubation 

period. 

Remabks. 

Dog 2G . . 

Larvae 

1 

Nymphs 

Negative 

• • 

That the dog was not 
immune uas proved by 
its subsequent infection 
by syringe four months 
later. 

„ 38 

Adults 

Larva? 

99 

• » 

» • 

» 40 


>> 

Positive 

19 days 

Larvm from ten adults 
used. 

„ 41 

j 

Larv£B 

Nymphs 

Negative 

i 

Larv® used for this experi- 
ment and the adults 
used for the preview 
experiment were fed on 
the same infected dog 
at the same time. 

» 48 

Adults 

Larvte 

99 

* * 1 

•• 

.,49 

» 1 

99 

1 

99 


That the dog 
immune was 
its subsequent mfection 
by syrmge two mont 
later. 

„ 54 .. 1 

Larvae 

Nymphs 

Negative 


Larv® from fifteen adults 
used. 

„ 55 

Adults 

1 

1 Larvte 

1 Positive 

14 days 

„ 60 


99 

99 

12’ „ 

Larv® from eight adults 
used. 

„ 79 

9f 

99 

99 

12 ., 

Larv® from five ariults 
used. 

,,93 .. i 

1 

9f 

1 

Nymphs 

99 

i 

The larv® were fed on an 

uninfected dog and tb 
resulting ny»pha ^re 
used for this expen 
ment. 



C. S. Swamimtli and H. E. SJiortt. 


503 


Table II — concU. 


Experimental , Staf of 
animal and I 
number. infecte'd°dog. 

Stage of aanie 
ticks used for 
transmission 
experiments. 

i 

i 

Result. 

1 

1 Incubation ‘ 
period. 1 

1 

I REMiVKKS. 

Dog 101 .. Nympha 

Adults 

Positive 

1 

13 days | 

1 * * 

Jackal 102 . . , Adults 

> j 

Larvm 


16 „ 

Larv® from six adults 
used. 

,, 103 . * „ 

»» 

ff 

16 „ 

1 

f Larvm from five adults 

1 used. 

j 

„ 111 .. Nympha 

Adults 

} Negative 

1 


! 

I • • 


From the above table it will be seen that there were eight positive transmissions 
out of fifteen experiments. Transmissions were effected by all stages of the 
tick and both stage to stage and hereditary transmissions were effected. The 
average incubation period, counting from the time of attachment of the ticks, 
was fifteen days. 

Summary. 

1. The jackal tick, Hmiaphysalis bispinosa Neumann, has been shown to be 
a vector of Babesia gibsoni. 

2. All stages of the tick can transmit. 

3. Hereditary transmission through the egg occurs. 

4. Stage to stage transmission also occurs. 

REFERENCES. 

Patton, W. S. (1910) . . . . Bull. Soc. Path. Exot., 3. p. 274. 

Rao, A. N. (1926) ., .. Ind. Jour. Med. Iles.,li,p. 185. 

Sen, S. K. (1033) .. .. Ind. Jour. Vet. Sci. db Anun. Hush., 

3, p. 356. 




EED CELLS, HEMOGLOBIN, COLOUE INDEX, 
SATUEATION INDEX, AND VOLUME 
INDEX STANDAEDS. 


Part I, 

NOEMAL INDIAN MEN : A STUDY BASED ON THE EXAMINATION 

OF 121 MEN. 


BY 

S. S. SOKHEY, 

S. K. GOKHALE, 

M. A. MALANDKAE, 

AND 

H. S. BILLIMOEIA. 

(Fro?n the Haffkine Institute, Bombay.) 

[Received for publication, ilay 4, 1937.] 

About eight years ago when we were engaged in the study of the blood con- 
dition in sprue, we came up against the fact that we had no normal standards for 
Indians with which we could compare our pathological findings. The situation 
did not seem to be much better for Europeans either. Osgood (1926) had drawn 
attention to the fact that the figures given in textbooks as normal standards had 
no adequate basis. He stated : ‘ The figures for average normal counts (5 millions 
for men and 4‘5 millions for women) were adopted a long time ago, and have been 
quoted from one textbook to another without proper confirmation. Few physicians 
are aware that these figures were based on examination of a small number of bloods. 
Yierord (1852) and Welcher (1854), each of whom examined the blood of only two 
persons, are responsible for these figures (according to Bie and liloller) ’. The 
position regarding haemoglobin was no better. Brown and Eowntree (1925) stated 
‘ the normal standard of haemoglobin is as yet unsettled, this is somewhat surnrisine 

( 505 ) 
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in a substance so important Hadeu (1933) called attention to the number of 
widely different heemoglobin figures used us 100 per cent by various authors and 
instrument makers (e.g., 13-8 g., 14-00 g., 15-00 g., 15-36 g., 15-80 g., 16-00 g., 
16-90 g., and 17-20 g.). 

When we began Avork in 1929 tlie only reliable figures available to us were 
those of Osgood (1926). He, employing accurately standardized methods, had 
made determinations on 137 young American men between the ages of 19 and 30 
years. In our study of 121 healthy Indian males, we have followed him closely 
except for haemoglobin determination, as we will explain below. A short summary 
of our residts was published in the report of the Haffkme Institute for the year 
1929 (Sokhey, 1929). Since the completion of our Avork other studies have been 
published. To these Ave shall refer in the body of our paper. 


Methods. 

All tests Avere made on venous blood as suggested by Osgood (1926). Tor each 
examination 10 c.c. of blood Avere druAvn from a vein and quickly introduced into a 
50 c.c.-Erlenmeyer flask containing 20 mg. of finely pOAvdered neutral potassium 
oxalate and thoroughly mixed by w hir ling the flask Avhile keeping it pressed against 
a flab surface. No tourniquet Avas used Avhile draAving blood, slight pressure of the 
hand was found quite sufficient. This precaution is necessary to avoid any undue 
congestion of the limb. 

The use of oxalated blood for various determinations is important. It 
guarantees exactly the same concentration of red cells in the portion of blood used 
for hsemoglobin estimation or for red cell volume determination, as in the portion 
used for the red cell count. Using separate drops from the ear or finger does no 
give us any such assurance of uniformity (Osgood, 1926). 

Red cell count. — Levy-Hausser counting chambers with Neubauer rulings 
and Trenner pipettes were used throughout. Both the chambers and pipettes 
used had been tested by the American Bureau of Standards. 

The flask containing the sample was thoroughly Avhirled and a little bloo 
taken on a paraffined watch-glass to charge the pipettes. Hayem’s solution 
Avas used as the diluent. At least tAVO counts were made in each case and an 
average taken. Whenever the duplicates differed by more than 2 per cent a hes 
dilution was made and the counts repeated. 

Hcemoglobin . — The determination of hiemoglobin presented many difficulties. 
We tried the method described by Osgood and Haskins (1923), in Avhich hasniogio in 
is converted into acid hematin and compared against an artificial standard, an 
found that the tint of the acid hematiu of some samples differed so definitely hom 
the tint of the standard that a perfect colour match Avas difficult. Consequen y 
Ave made all our determinations by the oxygen capacity method of van Slyke an 
Neill (1924). The figures given in our tables are those obtained by this metncc • 
The oxygen capacity method though very accurate is not convenient for cnniC‘ 
work. Therefore dm-ing our study we continued to investigate various o i® 
methods. The results of these comparative determinations in 
published separately, but we like to state here that in our hands NcAVComer s (1 > 

1923) method gave results closest to the figures obtained by van Slyke s oxygc 
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_ li8prQ.o<’'Iobiii is converted, into acid 

capacity method. In Newcomer s „ prepared yellow glass-disc in a colori- 

hematin and is T omb Lo slpSly^a spejial blue glass-filter, wliicli 

meter. Messrs. Bauscli and Lo gveniLe of the colorimeter, cuts out those 

when placed over the upper ^ a perfect colour match difficult. We 

'“fblbw rSre"SvTSts obtained ia 20 oases by these Wo 
methods ; — 

U’.im.TC T. 


Oo»»«risoi. of eolMiom of hwnioglobm bg Nemo,m-’s 
method and by van Slyke s method. 


Number. 

Van SlyUe, 
grammes per 
100 c.c. ! 

Newcomer, 
grammes per 
100 c.c. 

Number. | 

Van Slyke, 
grammes per 
100 c.c. 

Newcomer, 
grammes per 
100 c.c. 

1 

16-21 

16-16 

12 

10-81 

11-31 

2 

12-lS 

12-51 

13 

12-53 

13-75 

3 

15-70 

t 16-20 

14 

1-2-27 

12-91 


1 15-66 

1 

16*28 

15 

16-86 

17-69 ■ 

5 

8-84 

9-52 1 

16 

12-54 

12-92 

6 

14-18 

j 14-26 

17 

11-59 

11-48 

7 

13-27 

j 13-75 

18 

11-38 

IMO 

8 

14-72 

j 14-90 

19 

12-69 

12-28 

9 

13-78 

j 14-26 

20 

14-65 

14-90 

10 

13-69 

1 13-80 




11 

10-00 

1 10-30 

Average . . 

13-18 

13-51 


The above results are the average of at least two deter^nations. But if the 
difference between any duplicates was found to be greater than 1 per cent, deter 

minations were repeated. _ _ t i> 

Cell wkme.-H^matocrit tubes for this deternunation were made from 5-c.c. 
pipettes graduated to the tip. The tip was sealed m the flame and the pipette cut 
off to leave a length of about 12 cm. These pipettes were then carefully recahbrated. 
The inside diameter of our pipettes was about O'T nm. Pipettes were fitted into 
metal centrifuge tube holders with rubber corks as described by Osgood (1926). 

4.bout 3 c.c. of thoroughly mixed oxalated sample were introduced into the 
hrematocrit tube described above and centrifuged at a speed of about 4,600 
revolutions per minute. We used International electric centrifuge, size 1. After 
centtifu<Tincf for a period of 30 minutes the volume of packed red cells was read 
and the tube again centrifuged for five-minute periods until successive readings 
showed no change in volume. 
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Suitable rcudy-iiUKlo luonuitocrit tubes can now be obtained from Messrs. 
iVi-thur H. Thomas Co. (Osgood, 1935). 

The shrinkage of the cells caiused by ])otassium oxalate used as an anticoagulant 
and the clYect of the speed and duration of centrifugation on cell volume is discussed 
in the body of the paper. In this determination we have followed Osgood (1926) 
closely, so that our determinations are exactly comparable to his, the only carefully 
worked out figures available at the time we started our work. 

SUUJUCTS EXAMINED. 

One hundred and twenty-one men were examined. These men were mostly 
medical students from a neighbouring iMedical College and were between 19 and 30 
years of age. All our subjects belonged to the Bombay Presidency. Some of 
them were vegetarians, while others were on mixed diet. The diet of the two 
groups was much the same except that those on mixed diet consumed a little 
mutton or eggs now and then. Both groups consumed milk. The figure for 
total nitrogen excretion in 2d-hour samples of urine seldom exceeded 7 g. 


Table II. 


Blood findings in one hundred and tivenUj-one normal young men. 


Serial 

number. 

Age. 

Diet. 

Red cell 
count, 
millions 
per c.mm. 

Ha-'ino- 

globin, 

grammes 

per 

100 c.c. 

Hemo- 

globin 

coeffi- 

cient. 

Coll 

volume, 
c.c. per 
100 c.c. 

Cell 

volume 

coeffi- 

cient. 

Colour 

index. 

Volume 

index. 

Satura- 

tion 

index. 










- 


1 

21 

M 

4-32 

1305 

15-80 

36-84 

42-64 

1-05 

1-04 

1-01 

2 

29 

M 

5-02 

14-80 

14-74 

41-68 

41-42 

-0-98 

1-01 

0-97 

3 

27 

V 

4-84 

[ 14-87 

15-36 

40-41 

41-76 

1-02 

1-02 

1-00 

4 

25 

V 

4-95 

15-68 

15-84 

45-15 

45-61 

I 1-05 

1-12 

0-94 

5 

26 

M 

5-33 

15-82 

14-84 

48-01 

1 

45-04 

0-99 

1-10 

0-90 

6 

22 

M 

4-90 

15-19 

15-50 

41-99 

42-85 

1-03 

1-05 

0-98 

7 

22 

M 

5-03 

12-98 

12-90 

39-39 

39-15 

0-86 

0-96 

0-89 

8 

30 

V 

4-60 

14-18 

16-41 

41-33 

44-82 

1-03 

1-10 

0-93 

9 

24 

V 

4-Sl 

14-77 

15-35 

41-38 

43-02 

1-02 

1-05 

0-97 

10 

29 

M 

4-65 

14-98 

16-11 

39-86 

42-86 

1-07 

1-05 

1-02 

11 

24 

M 

5-07 

14-98 

14-77 

40-07 

39-51 

0-98 

0-97 

1-02 


In the diet column, V stands for vegetarian diet and M for mixed diet. 
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Serial 

number. 

Ago. 

Diet. 

Red cell 
count, 
millions 
per c.mm. 

1 

Hajmo- 

globin, 

grammes 

per 

100 e.o. 

Hajino- 

globin 

coeffi- 

cient. 

Ceil 

volume, 
c.c. per 
100 c.c. 

Cell 

volume 

coeffi- 

cient. 

Colour 

index. 

Volume 

index. 

Satura- 

tion 

index. 

12 

29 

V 

4-25 

14-95 

17-59 

40-70 

47-88 

1-17 

1-17 

1-00 

13 

30 

V 

o'.'iS 

15-96 

14-30 

41-75 

37-42 

0-95 

0-92 

1-04 

U 

27 

V . 

5-23 

16-23 

15-52 

41-54 

39-72 

1-03 

0-97 

1-06 

15 

29 

V 

5-27 

15-02 

14-25 

38-78 

36-81 

0-95 

0-90 

1-05 

16 

29 

V 

5 12 

16-45 

16-06 

41-24 

40-27 

1-07 

0-99 

1-08 

17 

30 

V 

4-91 

15-68 

15-97 

41-58 

42-35 

1-06 

1-04 

1-02 

18 

26 

V 

504 

16-90 

16-77 

43-02 

42-68 

1-12 

1-05 

1-07 

19 

27 

M 

5-11 

15-23 

14-90 

39-05 

38-21 

0-99 

0-94 

1-06 

20 

29 

V 

5-21 

15-63 

15-00 

42-43 

40-71 

1-00 

1-00 

1-00 

21 

28 

M 

5-12 

15-37 

15-01 

37-90 

37-01 

1-00 

0-91 

1-10 

22 

25 

V 

5-33 

14-83 

13-91 

35-95 

33-73 

0-93 

0-83 

1-12 

23 

24 

M 

5-35 

15-17 

14-18 

3803 

35-54 

0-94 

0-87 

1-08 

24 ! 

28 

M 

5 27 

15-46 

14-67 

44-92 

42-62 

0-98 

1-04 

0-94 

25 

29 

V 

5-12 

14-74 

14-39 

39-40 

38-42 

0-96 

0-94 

1-02 

26 

27 

M 

5-26 

14-26 

13-56 

42-11 

40-31 

0-90 

0-99 

0-92 

27 

23 

M 

5-20 

15-35 ■ 

14-76 

40-41 

38-86 

0-98 

0-95 

1-03 

28 

22 

V 

j 5-07 

15-31 

15-10 

41 -46 

40-89 

1-00 

1-00 

1-00 

29 

21 

V 

1 4-07 

14-29 

17-56 

40-64 

49-92 

1-17 

1-22 

0-96 

30 

21 

M 

4-58 

13-71 

14-97 

34-32 

37-46 

1-00 ' 

0-92 

1-08 

31 

22 

V 

5-20 

15-10 

14-52 

42-58 

40-94 

0-96 

1-00 

0-96 

32 

21 

V 

4-86 

15-45 

15-90 

38-56 

39-68 

1-06 

0-97 

1-09 

33 

22 

M 

5-04 

15-15 

15-03 

43-64 

43-30 

1-00 

1-06 

0-94 

34 

23 

7 

5-09 

14-79 

14-53 

41-15 

40-41 

0-97 

0-99 

0-98 

35 

24 

M 

5-19 

16-36 

15-76 

44-73 

43-09 

1-05 

1-06 

0-99 

36 

25 


5-39 

15-84 

14-69 

45-05 

41-79 

0-98 

1-02 

0-96 


In the diet column, V stands for vegetarian diet and M for mixed diet. 
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Table ll~conld. 


Serial 

number. 


37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 
61 

52 

53 

54 

55 
66 
57 


58 

59 

60 
01 


Ago 

! 1 

' 1 Red col 

i Diet. I 

{ 1 laiJuonij 

1 ' per c.mn 

-1 ! 

1 llicinu- 

globin, 
gramme 
per 

100 c.c. 

H:emc 

globii 

coefli- 

cient. 

) 

1 

)■ Cell 
voiumi 
c.e. j'.e 
100 c.o 

Cell 
!, volun 
r coefli 
cient 

10 Colou 
- index 

r Voluui 
. index 

„ Satura- 
® tion 
index. 

27 

V 

j 

5*4G 

1 

16-15 

15-00 

1 

I 

40-56 

42-64 

1-00 

1-04 

0-96 

26 

Jr 

5-09 

14-94 

14-68 

41-12 

40-40 

0-98 

0-D9 

0-99 

21 

V 

5-22 

16-12 

15-44 

38-91 

37-27 

•1-03 

0-91 

1-13 

25 

V 

501 

16-64 

16-51 

45-52 

45-16 

1-10 

1-11 

0-99 

22 

V 

5-00 

16-27 

16-27 

39-93 

39-93 

1-08 

0-98 

1-11 

23 

V 

5-47 

15-44 

14-11 

44-28 

40-48 

0-94 

0-99 

0-95 

24 

V 

0*35 

15-62 

14-60 

39-67 

37-08 

0-97 

0-91 

1-07 

25 

V 

5-18 

15-90 

15-35 

43-60 

42-09 

1-02 

1-03 

0-99 

■ 26 

V 

j 4-89 

14-04 

14-36 

41-05 

41-98 

0-96 

1-03 

0-93 

28 

M 

5-55 

16-31 

14-69 

39-56 

35-65 

0-98 

0-87 

1-12 

28 

M 

5-63 

16-47 

14-03 

46-61 

41-40 

0-97 

1-01 

0-96 

27 

V 

4-95 

13-27 

13-40 

40-09 

40-49 

0-89 

0-99 

0-90 

23 

V 

4-57 

14-00 

15-32 

36-84 

40-31 

1-02 

0-99 

1-03 

29 

V 

4-24 

13-40 

15-80 

32-47 

38-29 

1-05 

0-94 

1-12 

28 

M 

5-87 

17-63 

15-02 

49-02 

41-77 

1-00 

1-02 

0-9S 

25 

V 

4-76 

14-10 

14-81 ■ 

39-61 

41-61 

0-99 

1-02 

0-97 

21 

V 

5-28 

16-66 

15-78 

44-52 

42-17 

1-05 

1-03 

1-02 

25 

M 

4-90 

15-49 

15-81 

39-82 

40-63 

1-05 

1-00 

1-06 

25 

V 

5-15 

15-50 

15-05 

37-28 

36-19 

1-00 

0-89 

1-13 

22 

V 

4-21 

13-21 

15-69 

38-75 

46-03 

1-04 

1-13 

0-93 

24 

V 

5-78 

17-28 

14-95 

46-91 

40-58 

0-99 

0-99 

I-OO 

26 

M 

4-69 

14-71 

15-68 

37-61 

40-10 

1-03 

0-98 

I'06 

26 

Jr 

5-33 

15-74 

14-77 

46-84 

43-94 

0-98, 

1-08 

0-91 

22 

M 

5-45 

16-35 j 

15-00 

46-87 J 

f2-99 

1-00 

1-05 

0-95 

22 1 

1 

V 

4-93 

15-58 I 
i 

L 

15-80 

40-29 4 

0-S6 

1-0.5 

J*00 

J 

t • 

1 

1-05 


; ' 1 I 

In the diet column, V stands for vegetarian diet and M for mixed diet. 
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Table II — contd. 


Serial 

number. 

Age. 

Diet. 

Red cell 
count, 
millions 
per c.mm. 

Hajmo- 

globin, 

grammas 

per 

100 c.c. 

Hasmo- 

globin 

coeffi- 

cient. 

Cell 

volume, 
c.c. per 
100 c.c. 

Cell 

volume 

coeffi- 

cient. 

Colour 

index. 

Volume 

index. 

Satura- 

tion 

index. 

62 

23 

V 

6-95 

16-47 

13-84 

42-97 

36-11 

0-92 

0-88 

1-04 

63 

21 

JI 

5-23 

16-17 ’ 

15-46 

44-80 

42-83 

1-03 

1-05 

0-98 

61 

24 

V 

5-58 

16-80 i 

15-05 

46-41 

41-50 

1-00 

1-02 

0-98 

65 

19 

M 

5-20 

15-49 i 

14-89 

44-25 

42-55 

0-99 

1-04 

0-95 

66 

22 

V 

5-02 

14-20 ’ 

14-14 

41-92 

41-76 

0-94 

1-02 

0-92 

67 

22 

M 

3-64 

17-69 

15-68 

46-22 

40-98 

1-04 

1-00 

1-04 

68 

26 

M 

5-25 

16-52 

15-73 

43-55 

41-48 

1-05 

1-02 

1-03 

69 

22 

V 

5-03 

.15-48 

15-39 

38-28 

36-06 

1-02 

0-88 

1-16 

70 

23 

M 

5-51 

17-12 

15-54 

46-55 

42-24 

1-03 

1-03 

1-00 

71 ' 

27 

M 

5'58 

16-40 

14-70 

43-74 

39-20 

0-98 

0-96 

1-02 

72 

24 

V • 

5-40 

15-97 

14-62 

40-00 

36-63 

0-97 

0-90 

1-09 

73 

26 

V 

5-11 

15-46 

15-13 

41-70 

40-82 

1-01 

1-00 

1-01 

74 

22 

V 

5-04 

15-95 

15-82 

42-65 

42-32 

1-05 

1-04 

1-02 

75 

28 

M 

5'6l 

16-32 

14-55 

44-24 

39-43 

0-97 

0-97 

1-00 

76 

29 

V 

4-62 

14-93 

16-16 

41-37 

44-78 

1-07 

1-10 

0-98 

77 

24 

V 

5-30 

14-94 

14-09 

42-63 

40-22 

0-94 

0-98 

0-95 

78 

29 

V 

5-61 

16-66 

14-85 

46-74 

41-66 

0-99 

1-02 

0-97 

79 

25 

V 

4-99 

15-46 

15-49 

43-11 

43-19 

1-03 

1-06 

0-97 

80 

25 

V 

4-89 

15-65 

16-00 

42-43 

43-38 

1-06 

1-06 

1-00 

81 

25 

V 

5-23 

15-64 

14-95 

43-40 

41-50 

0-99 

1-02 

0-98 

82 

20 

V 

5-29 

16-33 

15-44 

42-47 

40-14 

1-03 

0-98 

1-04 

83" 

23 

V 

4-99 

15-38 

15-41 

43-17 

43-25 

1-02 

1-06 

0-97 

84 

21 

V 

5-16 

14-96 

14-50 

41-27 

39-99 

0-96 

0-98 

0-98 

85 

29 

V 

5-26 

15-29 

14-53 

36-29 

34-49 

0-97 

0-84 

1-14 

86 

30 

V 

5-45 

16-29 

14-95 

42-54 

40-86 

0-99 

0-96 

1-04 


In the diet column, V stands for vegetarian diet and M for mixed diet. 
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T.viir.K ll—contil. 


Serial 

number. 

Ago. 

1 

Diet. 

1 

Ueil cell 
count, 
milliuiis 

1 

1 

U;emo- 

globiii, 

grammes 

per 

' 100 e.e. 

ihemo 

globin 

eoelli- 

- Uell 
voliiim 
e.e. pe 

Cell 
y, volume 
r eoefli- 

J Colour 
index. 

1 

index. 

^ Satura- 
tion 
index. 


. 1 

\ 

1 

per c.mni, 

! 

cient. 

100 c.c 

. cient. 



87 

1 

f 29 

1 

i 

t 

V 

1 

i 5*70 

17-06 

14-97 

40-69 

•10-90 

0-99 

1-00 

0-99 

88 

' 22 

V 

5-68 

1 

16-07 

14-15 

44-04 

38-77 

0-94 

0-95 

0-99 

89 

1 30 

V 

1 5'3o 

14-57 

13-62 

38-05 

35-55 

0-91 

0-87 

1-04 

90 

1 26 

I 

1 

V 

1 4-20 

13-88 

16-52 

40-38 

•1807 

1-10 

1-18 

0-93 

91 

i .1 

V 

1 4‘56 

15-51 

17-01 

■10-32 

44-21 

1-13 

1-08 

1-04 

92 

20 

V 

1 4-79 

15-26 

15-93 

•12-00 

43-84 

1-06 

1-07 

0-99 

93 

28 

V 

■i*4o 

15-38 

17-28 

40-00 

•44-93 

1-15 

1-10 

1-04 

94 

27 

M 

5-48 

15-40 

14-05 

44-1.8 

40-30 

0-93 

0-99 

0-95 

95 

20 

V 

5;22 

16-14 

15-46 

43-56 

•41-73- 

1-03 

1-02 

1-01 

96 

25 

V 

5-32 

15-35 

14-43 

38-13 

35-83 

0-96 

0-88 

1-09 

97 

22 

V 

5'18 

16-17 

15-61 

42-03 

40-57 

1.-04 

0-99 

1-04 

98 

20 

V 

4-93 

14-36 

14-56 

41-05 

41-64 

0-97 

1-02 

0-95 

99 

26 

V 

j 4-86 

14-78 

15-21 

39-88 

41-04 

1-01 

1-00 

1-01 

100 

29 

V 

4-99 

15-01 

15-04 

41-25 

41-33 

1-00 

1-01 

0-99 

101 j 

19 

V 

4-85 

14-77 

15-23 

41-90 

43-20 

1-01 

1-06 

0-90 

102 

28 

V 

5-28 

16-78 

15-89 

44-94 

42-56 

1-06 

1-04 

1-01 

103 

30 

M 

5-10 

15-46 

15-17 

41-42 

40-61 

1-01 

0-99 

1-01 

104 

19 

M 

5-24 

14-21 

13-56 

41-12 

38-28 

0-90 

0-94 

0-96 

105 

26 

il 

5-62 

15-97 

14-21 

46-99 

41-81 

0-94 

1-02 

0-92 

106 

25 

M 

5-21 

15-28 

14-66 

44-02 

42-25 

0-98 

1-03 

0-94 

107 

24 

M 

6-14 

14-40 

14-01 

41-83 

40-68 

0-93 

1-00 

0-93 

108 

29 

V 

4-89 

14-20 

14-52 

38-36 

39-22 

0-97 

0-96 

1-00 

109 

26 

M 

4-35 

12-75 

14-66 

36-48 

41-93 

0-97 

1-03 

0-95 

110 

29 

V 

5-15 

15-14 

14-70 

40-42 

39-24 

0-98 

0-96 

1-02 

111 

26 

V 

4-74 

13-67 

14-42 

38-59 

40-70 

0-96 

1-00 

i 

0-90 


In the diet column, V stands for vegetarian diet and M for mixed diet. 
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Table II — concld. 


Serial 

number. 

Age - 

1 

1 

1 

Diet. 1 

1 

Eed cell 
count, 
iniilions 
per o.mm. 

I 

Tl.iomo- 
globiu, ' 
gr.vnimea 
per 

100 c.c. 

H3^mo- 

globiu 

coelS- 

cient. 

Cell j 
volumo, 1 
c.c. per ' 
100 c.c. ] 

i 

Cell 

volume 

coeffi- 

cient. 

Colour 

index. 

Volume 

index. 

Satura- 

tion 

inde.x. 

112 

! 

21 1 

V 

5-17 

15-82 

15-.30 

42-91 ! 

! 

41-50 

1-02 

1-02 

1-00 

113 

29 1 

1 

V 

4-98 

15-24 

15-30 

41-82 i 

41-99 

1-02 

1-03 

0-99 

lU 

26 

' If ! 

5-79 

15-96 

13-78 

43-49 1 

37-56 

0-92 

0-92 

1-00 

115 

29 

V 

5-19 

15-74 

1 

15-16 

44-54 

42-91 

1-01 

1-05 

0-96 

110 

i 

i 

V 

4-51 

14-00 

16-19 

38-32 

42-67 

1-08 

1-04 

1-03 

117 

26 

V 

1 4-41 ' 

1 14-69 

I 10-66 

39-24 i 

44-49 

1-11 

1-09 

1-02 

118 

29 

i V 

5-59 

1 15-53 

1 13-89 

42-67 

38-17 

■ 0-92 

0-93 

0-99 

119 

20 

1 V 

4-78 

14-70 

I 15-38 

40-20 

42-06 

1-02 

1-03 

0-99 

120 

19 

1 

1 V 

5-47 

14-62 

13-36 

43-05 

39-34 

0-89 

0-96 

0-02 

121 

20 

1 M 

1 

j 5-85 

15-16 

12-96 

43 -.00 

37-59 

0-80 

0-92 

0-94 

Avbbagb 

25 

1 

1 

i 

1 

1 

5-11 

. 15-37 

1 

1 

! 15-03 

j 

1 

41-72 

40-83 

1-00 

1-00 

1-00 


In the diet column, V stands for vegetarian diet and M for mixed diet. 


Red cell counts. 

Fig.^1 shows the frequency distribution of red cell counts in our subjects 

121 men. Our average in 121 male subjects between the ages of 19 and 30 is 
5,111,000. The values range from 4'07 to 5-95 millions. The mean (5-111 ± 0-023) 
and the median (5-150 ± 0-029) are practically the same. The standard 
deviation is 0-377 4:0-016 and the coefficient of variation is 7-365 ±0-321. 
The significant variation is 4-73—5-49, 71 per cent of our subjects fall in 
this range. 

The usual figure given in European and American textboohs for the avera<Te 
normal count for men is 5 millions. But Osgood (1926), as the result of 
examination of 137 men in West United States, found the average to be 5 390 000 
while Wintrobe and Miller (1929) obtained an average of 5,850,000 based on a 
study of 100 subjects in South United States. Taking all the available accurate 
figures for Europe and America, Wintrobe (4933) found the average for 477 
subjects to be 5,430,000. “ ' ‘ 


514 


Standard hidiccfi for Normal Indian il/ew. 


Napier and Das Gnpta (1935) obtained an averaj^c figure of 5-362 mipon cells 
for 50 healthy Indian males and later (193G) obtained an average of 5 -033 millions 
for another series of 30 healthy Indian males. These individual averages as 
as the combined average ot the two series, 5-125 millions, are much lug er an 
figure. In the absence of detailed data of their individual determinations, it 
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Millions per c.mm. 


Pio. 1. Red cell counts in 121 men. 


not possible to assess the significance of their higher averages. ^Qod 

- - ■ ■ with those ot us 


difficulty. Their results cannot be compared with ours nor 
and Wintrobe because the age range of their subjects (25 to 45 years) 1 
from that adopted by us, Osgood and Wintrobe, 


There is another 
■ Osgood 
different 


6-0 
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ILt5M0GL0BIN content. 

We express our hueinoglobiu figures as so many grammes per 100 c.c. of blood. 
Our average in 121 male subjects is 15'37 g. haemoglobin corresponding to an 
oxygen capacity of 20‘60 c.c. per cent. Fig. 2 gives the frequency distribution of 
haemoglobin in all our subjects. The values ranged from 12‘75 g. to 17'69 g. The 
mean (15-367 ± 0-059) and the median (15-336 ± 0-073) are very close. The 
standard deviation is 0-955 ± 0-041 and the coefficient of variation is 6-221 d: 
0-272. The significant variation is 14-41 to 16-32 ; 72 per cent of our cases are 
within this range. 



Grammes per 100 c.c. 


Fia. 2. Total basmoglobin in 121 men. 


Osgood (1926) found in literature reliable haemoglobin estimations reported 
for only 70 males between 19 and 30 years of age. The average of these 70 
estimations was 16-27 g. Osgood’s own average for 137 men of the same age group 
is 15-76 g. Later Wintrobe and Miller {loc. cit.) obtained an average of 15-87 g. 
corrected later by Wintrobe (1929) to 17-0 g., for 100 men between 19 and 30 years! 
For Indian males the only figures available at the time of -smting are those of Napier 
and Das Gupta (1935, 1936). For a group of 50 men (1935) they obtained an average 
ot 14-77 g., and for another group of 30 men (1936) their average was 15-70 g The 
combined average of these two groups is 15-12 g. It is to be noticed, however that 
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age composition of the two gi’oupa studied by Napier and Das Gupta is difierent 
from the age range adopted by us, Osgood and Wintrobc, Dor this reason and 
because of absence of details of individual data we can not usefully compare Napier 
and Das Gupta’s ligures with ours. 

\Ye wish to particularly stress the value of our hajmoglobin figures. This is 
the first large series reported (Sokhey, loc. cit.) in which all the determinations were 
made by the van Slyke o.vygen capacity method. Since then two other series of 
haemoglobin determinations with the van Slyke apparatus have been reported by 
Haden (1933). Haden in a series of 70 men obtained an average of 15‘34g., and 
Dill (1930) (quoted by Haden, 1933) an average of 15'38 g. in an examination 
of 40 men. 


Haden and Dill’s subjects were from the north-east of the United States 
of America. It is to be noted that though our-subjects were Indian (Bombay 
Presidency) and had widely different dietetic habits and lived under totally 
different climatic conditions, the average haemoglobin figure is approsrnately the 
same; the three figures being 15‘.3d g., 15‘3S g., and 15‘37 g. The similarity ot 
these figures is very strilcing and it would be profitable to pursue this point 
further by making a large series of determinations in different places with the van 
Slyke apparatus. 

Price- Jones (1931) examined blood of 100 healthy men in London with the 
Haldane blood gas apparatus and obtained a mean value of IPS g. per lOOc.c. 
of blood. This figme is markedly lower than the American average obtained by 
Haden and Dill with the van Slyke oxygen capacity method. On comparison o 
the two methods Price- Jones came to the conclusion that the difference between 
the two methods is slight and quite inadequate to explain the difference between 
his figures and the American ones. Durther neither altitude, nor agp, nor stanclar 
of living would explain the difference, because the two groups examined in London 
and Boston were socially similar and rvere of the same age and lived at sea-leve . 
He is inclined to attribute the difference to the extensive motoring habit o e 
Americans which tends to cause a slow chronic carbon monoxide poisomng, leaf lOa 
to a relative polycytheemia. But this surely is not the whole explanation, becaus^ 
our haemoglobin value is as high as the American one, though our subjects wer^ 
not exposed to any appreciable risk of carbon monoxide poisoning. There a 
relatively few motor cars in use in Bombay. 


Hjemoglobin coefficient and colour index. 

The determination of the colour index necessitates a comparison of the 
globin content of a given individual to a normal standard and expresses the ra 
of the amount of haemoglobin per red cell of the individual to that of the averao^ 
normal. The normal standard is taken to be the average number of grammes 
hsemoglobin per 100 c.c. of blood calculated to a count of 5 million red 
c.mm. in the average healthy person of the same age and sex group. tiSo 
(1926') suggests the term ‘ haemoglobin coefficient ’ to replace the 
expression ‘ the number of grammes of haemoglobin per 100 c.c. of blood calcu ‘ 
to a red cell count of 5 millions per c.mm.’ . , 

The actual hsemoglobin content in grammes per 100 c.c. of blood o 1 1 
individual is converted into a percentage of the normal hsemoglobin coemci 
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of the same age and sex group. Also the red cell count of the individual is converted 
into a percentage of a count of 5 millions taken as 100 per cent. The colour index 
is then calculated by dividing the percentage of hsemoglobin by the percentage 
of red cells. 

The figure of 5 millions as 100 per cent of red cells in colour and other index 
determinations is used for convenience in calculation and as Osgood (1926-27) says 
‘ any other figure would do, if it were generally agreed upon ’. Five millions is 
the generally accepted figure, but it must be clearly understood that it is not the 
average red cell count for either normal men or women. 



Pig. 3. HsBiuoglobin coefficients in 121 men. 


Our average hoemoglobm figure for 121 males being 15-37 g. and our average 
cell count for the same males being 5-11 millions, the hemoglobin coefficient works 
out at 15 03 g. Fig. 3 is a histogram showing the frequency distribution of hemo- 
globin coefficients The figures range from 12-90 to 17-50! Mean (15-033 ± 0-0541 
(15-058 fi: 0-067) are very close. Standard deviation is 0-879 ± 

14 to mOl yf^fon is 5-819 ± 0-257. The significant variation fs 

14 lo to lo 91 , 75 per cent of our subjects fall within this ran^e 

j, MR ° ■ 


13 
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Our average colour iiulex is I’OO and tlie figures range from 0'86 to 117. 
Fig. 4 is a liistograin giving tlie frequency distribution of our colour indices. The 
mean (1-002 -Jc 0-004) and median (l-OOO ± 0-00 1) arc very close. Standard deviation 
is 0-057 ±0-003 and coellicicnb of variation is 5-037 ± 0-245. Significant variation 
0-95 to rOO ; 74 per cent of our .subjects fall within this range. 

Our luemoglobin coeJIicient, 15-03, though it gives colour indices of 0-9 to fl 
for 90 per cent of our subjects, is different from that of the other workers; Osgood 
(1926) 14-66 ; IVintrobc and jMiller {loc. cit.) 13-66 (later Wintrobe, 1929, corrected 
this to 14-53) ; tiaden (1933) 15-50 : Napier and Das Gupta (1935, 1936) 13-78 for 
their first series of 50 subjects and 14-19 for the second series of 30 subjects giving 
an average of 13-94 for the 80 subjects. 



Fia. 4. Colour indices in 121 men. 


Our hoemoglobin figure is strictly comparable only to the figures of Haden 
Dill, but as Dill does not give his red cell counts, we must leave him out ° 
present discussion of haemoglobin coefiicient. Haden with an average -e 

figure of 15-34 g. has a cell count of 4-95 millions, while we with a hsemoglobm o 
of 15-37 g. have a cell count of 5-11 millions. These figures give hsemoglo 
efficients of 15-50 and 15-03 respectively. In view of the different red cell 
and haemoglobin figures reported from dift’erent places by different workers, i 
not seem that we are anywhere near having a common figure for normal ® ^ 
globin coefficient. It is not clear whether such a thing is possible. But the si 
makes it imperative that further accurate studies should be made iu as 
different places as possible. In the meantime we commend Haden’s 
tion that for each area the mean value for hsemoglobin and for the red ce 
should be determined and those used for reporting to clinicians the bcemog 
per cent and for calculating the colour and saturation indices. 
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Total cell volume. 

Our average figure for total cell volume is 41‘72 c.c. per 100 c.c. of blood. Fig. 5 
is the histogram showing the frequency distribution. The values range from 32 17 
c.c. to 49'02 C.C., the mean and the median being 41'723 ± 0T83 and 41'674 ifc 0-229. 
The standard deviation is 2-978 ±0-129 and the coefficient of variation is 7-132 ± 
0-311. Thus the significant variation is 38-75 to 44-70 and covers 72 per cent of 
our subjects. 

Osgood (1926) obtained a mean value of 44-84 c.c. for 94 men ; Wintrobe and 
Miller {he. cit.) for 100 men 43-38 c.c.* ; Napier and Das Gupta (1936) for 30 men 
46-36 c.c.* The values obtained by these three workers are higher than that 



Fia. 5. Total cell volume ia 121 men. 


obtained by us, viz., 41-72 c.c. But it must be noted that the average red cell 
counts, Osgood’s 5-49 millions, Wintrobe and Miller’s 5-85 millions and Napier and 
Das Gupta’s 5-53 millions are higher than our figure of 5-11 millions. 

It is to be noted that our determinations were made on samples of bloods which 
were prevented from coagulating by the use of neutral potassium oxalate, 2 mg. 


Miller used oxalated blood for determining tbeir cell volume they do not 
give the figure they actually obtained, but instead they give a figure of 46--1 c.c. calculated by allowing 

SalmTtt'^VaLbllTo^u? figure? -‘-I ^-e to 

their^SSo focToTof ®-®' 
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per c.c. of blood. This auticoiigulaiit produces slirinkage of red cells, but we used 
it because an anticoagulant must be used and potassium oxalate is inexpensive and 
readily available in all laboratories and also because Osgood (1926) had used this 
anticoagulant and -wo were anxious to obtain figures comparable to his. 

Osgood found the shrinkage to be 'Vij per cent and came to the conclusion that 
this is not large enough to alter the clinical significance of the volume index figures. 
But it will be noted that our figiu-e is somewhat larger. If, however, the shrinkage 
is constant .and the volume index calculation is based on standards determined by 
the potassium oxalate method the indices will be absolutely correct. "Wheu 
absolute figures for cell volume are needed, they could be obtained by the use of a 
factor calculated from the measurement of the extent of shrinlvage caused by the 
use of potassium oxalate. 

To determine shrinlcage, oxalated blood is centrifuged against samples of the 
same blood to which isotonic anticoagulants, heparin or hirudin (1 mg. per 5 c.c.) 
has Been added. It is assumed that neither heparin nor hirudin causes any' con- 
traction of the size of red cell. "We give below (Table III) the results of deternuua- 
tions of shriulcage in ten different samples of blood using both hirudinized and 
heparinized controls. For these determinations we used the same speed and tune 
(4,500 r.p.m. for 30 minutes) as in our own determination given in Table II. • 

Table III. 


Effect of potassium oxalate on cell volume. 



0X.\LATED- 

Hepakinizbd. 

Hirudinized- 

Number. 

Cell volume, 
c.c. per 

100 c.c. 

Cell volume, 
c.c. per 

100 c.c. 

Shrinkage, 
per cent. 

Cell volume, 
c.c. per 

100 c.c. 

Shrinkage, 
per cent. 

1 

38-35 

40-75 

6-89 

40-61 

5-57 

2 

39-71 

41-99 

5'44 

41-95 

6-34 

3 

40-35 

42-61 

5-30 

42'71 

5-53 

4 

45-77 

48-58 

5-78 

48-69 

6-99 

5 

48-99 

51-81 

5-44 

51-89 

6-59 

6 

40-91 

43-47 

6-89 

43-42 

5-78 

7 

40-43 

43-06 

6-11 

42-87 

5-70 

8 

40-57 

43-17 

6-02 

43-02 

5-69 

9 

46-48 

49-33 

5-79 

49-29 

6-71 

10 

41-15 

43-95 

6-37 

43-88 

6-22 

Avseaqu 

42-27 

44-87 

5-79 

44-83 

5-71 
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The values obtained by us show the sbiinkage to be 5'79 pei cent and 5-71 
per cent of the volume of packed cells in heparinized blood and hitudinized blood 
respectively. The shrinkage is thus practically the same in both cases, the slight 
difierence being within e:sperimental error. 

We should have thought that the amount of shrinkage obtained by difierent 
workers using the same anticoagulants would be the same under identical experi- 
mental conditions. But we are surprised to find it, is not so. Osgood (1926) found 
the shr inka ge to be S'S per cent, while we using the same technique obtained a 
figure of 5-75 per cent. We may s(^ate here that, while our figure is based on the 
examination of 10 samples, Osgood based his figure on only two samples. But 
we do not believe that this fact explains the difierence, because none of our indivi- 
duabdeterminations give as low a figure as that of Osgood. 

Still other figures are reported in hteratm'e. Haden (1929-30) gives a shrinkage 
value of 8-0 per cent and 8'21 per cent using 25 mg. of potassium oxalate and 20 mg. 
of potassium oxalate for 10 c.c. of blood respectively. Wintrobe (1929, 1931, 1932) 
gives three difierent figures at three different times, 3-7 per cent, 6‘75 per cent, and 
8-2 per cent, but he nowhere discusses the reasons for his obtaining such widely 
differing values. It is to be noted that his first figure tallies with that of Osgood 
and the second with ours and the third value with that of Haden. His first figure 
(3‘7 per cent) is based on two determinations and the second (5"7 per cent) is based 
on 16 determinations ; for these 16 determinations he does not give individual 
data. Later (Wintrobe, 1932) he gives stiH another figure (8'2 per cent) but does 
not give any data on which he bases this value. He does not discuss in his last 
paper (Wintrobe, 1932) how or why he obtained this very high figure. As far as 
we have been able to find he does not even state in his last paper that he had 
obtained low'er figures before, 

Osgood and Wintrobe used heparin and Haden used hirudin as the isotonic 
anticoagulant for their shrinkage determinations, but Napier and Das Gupta (1936) 
used both heparin and hirudin and with heparin they say they obtained for 7 cases 
a mean figure of 6-86 per cent and with hirudin in 10 cases a mean figure of 9‘19 
per cent. From the figures given in Table V of their paper it seems that the shrinkage 
value they obtained rvith heparin was 8-07 per cent and with hirudin 6-86 per cent. 
They do not give individual data for their determinations, but they proceed to say 
that ‘ if the 17 cases are taken together 7-94 per cent is the shrinlcage We do 
not know how this figure is arrived at nor does it seem valid because an average is 
sought to be derived from too widely differing values. They further state that as 
then mean figure of 7-94 is very close to Wintrobe’s figure of 8-2 per cent and as 
their numbers were small, they have accepted Wintrobe’ s figure. have stated 
above that WTntrobe gives three different figures and though 8-2 per cent is the 
value he gives in his last paper (Wintrobe, 1932), he nowhere states the number of 
cases on which this figure is based. 


Osgood writing as recently as 1935, still takes shrinkage due to oxalate to be 
3-5 per cent of the volume of packed cells. The whole situation seemed to us to be 
highly co^used. We have, therefore, made an attempt to study the question 
further. The factors involved seem to be the isotonic anticoagulants used the 
quantity of the oxalate, and the speed and duration of centrifugation. Osgood 
° heparin as the isotonic anticoagulant and Haden used hirudin 
while Napier and Das Gupta used both heparin and hirudin.' These later workers 
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obtained dilTcrent values witli those two isotonic anticoagulants. The position 
regarding the quantity of o.xalatc used i.s simple. All workers have used the custo- 
mary amount of o.xalate, i.e., 2 mg. of dry neutral potassium oxalate per c.c. of 
blood. AVe have adhered to this quantity. But different speeds of centrifugation 
were used by different workers. Osgood used a speed of 4,500 r.p.m. AVe also 
used the same speed. But AVintrobe used two speeds, first 3,500 r.p.m. and later 
3,000 r.p.m., and Haden, and Nap)ier and Das Gupta 2,500 r.p.m. 

AVo have made parallel determinations on sLx bloods to determine the effect 
of isotonic anticoagulants heparin and hirudin, and the effect of speed. _ Results 
are given in Tables lA^' and Y. It is to he notccl that the dmation of centrifugation 
necessary to get constant volume of cells varies with the speed. Centrifugation 
is continued until constant volume is attained. Time required to attain a constant 
volume was 30 minutes, 40 minutes, and 90 minutes at the speeds of 4,500, 3,500, 
and 2,500 r.p.m., respectively. 


Table TV. 


Cell volume and shrinkage 2 ^ercenlages at different speeds. 


1 

Speed and time. 

1 

Niunber. 

' Oxal.vti:d. 

ILmUDINlZED. 

HEP.VBIMZED. 

Cell volume, 

' c.c. per 
100 c.c. 

Cell voliuno, 
c.e. per 
100 c.c. 

Shrinkage, 
per cent. 

Cell volume, 
c.c. per 
100 c.c. 

Shrinkage, 
per cent. 


r 

5 

1 48-99 

51-89 

6-69 

61-81 

6-44 



6 

1 40-91 

43-42 

5-78 

43-47 

6-89 

4,500 r.p.m.. 


7 

! 40-43 

42-87 

5-70 

43-06 , 

6-11 

30 minutes. 


8 

40-57 

43-02 

6-69 

43-17 

6-02 



9 

46-48 

49-29 

6-71 

49-33 

5-79 

1 

■ 

10 

41-15 

43-88 

6-22 

43-95 

6-37 



Average 

1 

43-09 

45-73 

6-78 

45-80 

6-91 



i 

5 

49-42 

52*31 i 

1 

5-52 

52-40 

5-69 



1 

6 ' 

41-30 

43-82 

6-75 

43-79 

5-71 

3,600 r.p.m.. 


1 

7 ! 

40-80 

43-33 

5-85 

43*40 

1 

5-99 

40 minutes. 


1 

8 

40-69 

43-20 

5-81 













9 

46-83 

49-70 

, 5-82 












i 

10 

41-35 ' 

44-00 

6-02 

44-13 

HH9 



Average 

J 

43-40 1 

46-06 

5-80 

46-11 

5-SS 
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Table IV — concld. 




OXALATED. 

HmUDlNlZED. 

Hepaeiotzed. 

Speed and time. 

Number. 

Cell volume, 
c.o. per 

100 c.e. 

Cell volume, 
c.c. per 

100 c.c. 

Shrinkage, 
per cent. 

Cell volume, 
c.c. per 

100 c.c. 

Shrinkage, 
per cent. 


5 

50-19 

53-17 

5-59 

53-13 

6-63 


6 

41-91 

44-42 

5-67 

44-47 

6-76 

2,500 r.p.m., 

90 minutes. 

7 

41-25 

43-75 

5-71 

43-98 

6-21 

8 

41-20 

43-67 

5-66 

43-85 

■ 6-00 


9 

47-45 

50-38 

5-82 

50-29 

5-64 


10 

42-47 

45-24 

6-12 

45-26 

6-16 


, Avebaob 

44-08 

46-77 

5-76 

46-83 

5-87 


Table V, 


Average figures for cell volume and shrinJcage 'percentage at 
different speeds. 


Speed, 

r.p.m. 

Oxalated. 

Hievdinized. I 

Hepaeinized. 

Cell volume, 
c.c. per 

100 c.c. 

Cell volume, 
c.c. per 

100 c.c. 

Shrinkage, 
per cent. 

Cell volume, 
c.c. per 

100 c.o. 

Shrinkage, 
per cent. 

4,500 

43-09 

45-73 

5-78 

45-80 

6-91 

3,500 

43-40 

46-06 

6-SO 

46-11 

5-88 

2,500 

44-08 

46-77 

6-76 

46-83 

6-87 

Aver.aob . . 

43-52 

46-19 

t 

1 5-78 

46-28 

6-89 


All the figures given in Tables IV and V are the averages of duplicate 
determinations. The maximum variation between-the duplicates was 1-9 per cent. 
It will thus be seen that the variation in the average volume of packed cells at 
diSerent speeds of centrifugation is within the experimental error. It is also obvious 
that the isotonic anticoagulants used in the experiment do not give different 
values tor shrinkage. 
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Our work does not explain how or why the different workers liave obtained 
such '\idely varyin-' values for shrnika.i,^*, nor is it clear to us hpw Napier 
aiui .Uas Gupta obtained ilifferent values with the isotonic anticoagulants, 

lepaiin aiu uiudin. It is obvious that further work on this point is necessary 
to clear the issue. ^ 


VOLUiMK COKl'FICIKNT AXD VOLU.MK INDE.K. 

I the colour inde.x expresses the ratio of the amount of luemoglobin per 

lec ce o the individual to that of the average noriiial, similarly volume index 
expresses the ratio ot the volume of the red cell of the individual to that of the 
average normal. It is determined in the same way as the colom index with the 



c.c. per 100 c.c. 

Fig. 6. Cell volume coe£Bcients in 121 men. 


difference that cell volume percentage is substituted for haemoglobin percentage, 
i.e., the volume of the cells expressed as percentage of the average normal volume 

of red cells. The average volume of cells in 100 c.c. 
oi bloocl 01 healthy persons of the same sex and age group calculated to red cell- 
count 01 5 millions is the normal standard, i.e., normal volume coefficient and is 
taken as 100 lor the calculation of the percentage of red cell volume. Per the 
determination of percentage of red cells the figure of 5 millions is taken as 100 per 
cent lor reasons already given. * 

IGA for total cell volume for 121 males being 4r72 c.c. per 

100 c.c. 01 blood and our average red cell count for the same subjects being 541 
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millions, our volume coefficient works out to be 40'83 c.c. Fig. 6 is a histogram 
showing the frequency distribution of the volume coefficients. The figures range 
from 33-71 c.c. to 49-93 c.c. The mean (40-83 ± 0-166) and the median (40-98 ± 
0-209) are very close. The standard deviation is 2-723 ± 0-118 and the coefficient 
of variation is 6-654 i 0-290. Thus the signihcant variation is 38-11 to 43-55 and 
covers 75 per cent of our subjects. 

Osgood (1926) gets a volume coefficient of 40-8 c.c., Wintrobe and Miller (1929) 
37-08 C.C., Napier and Das Gupta (1936) 41-92 c.c. Our mean volume coefficient 
40-83 c.c. compares very closely to that of Osgood. 





Fig. 7. Volume indices in 121 men. 


Our average volume index is 1-00, the values ranging from 0-83 to 1-22. 
Fig. 7 is a histogram giving the frequency distribution of our volume indices. The 
mean (1-002 ± 0-004) and the median (1-014 ±0-005) are close. Standard deviation 
is 0-068 ± 0-003 and coefficient of variation is 6-736 ± 0-293. Significant variation 
is 0-93 to 1-07 covering 76 per cent of our subjects. 

In the study of anaj'mias the size of red cell has proved of great diacrnostic 
and prognostic value. Size has been expressed either as volume of the cell or its 
diameter. Capps (quoted by Osgood, 1926) showed the value of volume index in 
the study of anoemias, while Price- Jones (1933) introduced accurate methods for 
measuring the diameter of the cell. We dp not propose to enter into the relative 
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merits of tlie two procedures lierc, except to say that Wintrobe (1924-25) states 
that ‘ the thickness of cells is as variable as the diameter or even more so’. Also 
the measurement of the diameter of red cells is a very laborious process and the 
error of the method is large while the accurate measurement of volume index is a 
comparatively simple procedure. We consider that the determination of the 
volume index gives all the information needed in clinical work. 


Saturation index. 

Haden (192-3) pointed out that colour index is not an expression of the saturation 
of red cells with luemoglobiu, but merely expresses the relation of haemoglobin to 


^0 



Ftg. 8. Saturation indices in 121 men. 


£ 

the number of red cells. To denote the amount of haemoglobin per unit ° 

cells he introduced the concept ‘ saturation index ’. This is determined by 
the colour index by the volume index. It is, however, to be noted that 
cases when both the number and volume of cells are normal the colour index 


the saturation index are synonymous. 

Our average saturation index is I'OO, the figures ranging from 0'89 to 1 1 J- 
Fig. 8 is the histogram giving the frequency distribution of our saturation UR ic - 
The mean 1'002 ± 0-004 and the median 1-002 ± 0-004 are close. Standard • _ 
is 0-057 ± 0-003 and coefficient of variation is 5-649 ± 0-245. Significant varia 


is thus 0-95 to 1-06 and covers 72 per cent of our subjects. 
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Summary. 

1. Standards for the normal averages have been worked out by the study of 
bloods of 121 healthy young men from the Bombay Presidency between the ages 
19 and 30 years. The findings are tabulated below ; — 


j^vcrci^ss d'iid of vutiutio'd uoT^nul ftiidi^ii^s. 121 viai* 


1 

! 

1 

1 

1 

Mean. ' 

1 

1 

1 

Minimum. 

Maximum. 

Standard 

deviation. 

Percentage of 
subjects within 
significant 
variation. 

Red cells, millions per 
o.mm. 

1 

5-11 I 

1 

4-07 

6-95 

± 0-38 

71 

Hamoglobin, grammes 
per 100 0 . 0 . 

15-37 - 

1 

1 

12-75 

17-69 

± 0-98 

72 

Cell volume, o.c. per 
100 0.0. 1 

41-72 i 

1 

, 

32-47 

49-02 ’ 

+ 2-98 

, 72 

Hsemoglobin coefficient, 
grammes per 100 o.c. 

15-03 1 

1 

j 

12-90 

17-50 

i 0-88 

75 

Volume coefficient, c.c. 
per 100 0 . 0 . 

40-83 

33-71 

49-93 

± 2-72 

75 

Colour index 

1-00 j 

0-86 

1-17 

± 0-057 

74 

Volume index 

1-00 

0-83 

1-22 

± 0-068 

76 

Saturation index 

1-00 

0-80 

1-16 

± 0-057 

72 


2. The cell volume given in the table is the average of actual volumes deter- 
mined in oxalated blood. The question of shzinlcage of cells in oxalated blood is 
discussed at some length and necessity of further work on the subject indicated. 

3. Particular attention is drawn to our heemoglobin figure. All the deter- 
minations on which it is based were made with the van Slyke oxygen capacity 
method. It is pointed out that though our average hsemoglobin figure varies 
widely from other normal average given in literature, it agrees with the normal 
averages of the only two other large series reported in literature (Haden), in which 
hsemoglobin was determined by van Slyke’s method. Need of further work on 
the subject is stressed. 

4. It is pointed out that though our average hsemoglobin figure is comparable 
to and agrees with the averages obtained by Haden, our haemoglobin coefficient 
does not agree even with his, because of the difierence in the red cell count fiaures. 
The unsatisfactory position regarding a common normal hemoglobin coefficient is 
discussed and further work suggested. 

5. An alternative colorimetric method to van Slyke’s oxygen capacity method 
for hcemoglobin determination in clinical work is recommended. 
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Our thanks are iluo to Dr.' Jivaraj jNEolita, the Dean, Dr. V. E,. Khanolkar, 
the Protessor of Patliology, of tlie »S. 0. S. Jfeclical Collof(o, for giving us facilities 
for obtaining samples of blood and to the students who volunteered. 
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HiEMATOLOGICAL STUDIES IN INDIANS. 


Part VIII. 

ANALYSIS OF THE HAEMATOLOGICAL FINDINGS IN 52 CASES 
OF ANAIMIA AI\IONGST PREGNANT TEA-GARDEN 
COOLIE WOMEN. 

BY 

L. EVERARD NAPIER, m.r.c.p. (LoncL), 

AND 

H. S. BILLIMORIA, m.b., b.s., d.t.m. 

(An Inquinj under the Indian Research Fund Association.) 

(From the Calcutta School of Tro2ncal Medicine.) 

[Received for publication, July 10, ][)37.] 

This investigation was commenced at the beginning of October 1935. The 
population from which the patients were taken was the same as in the previous 
investigations already reported (Parts VI and VII of this series). The ‘ normal ’ 
non-pregnant women were taken from amongst coolies who were attending for the 
system^ic inspections after the obviously anaemic patients had been excluded, 
and the ‘normal’ pregnant women were taken from the ‘pregnant parades’ 
referred to in Part VII of this series, again after the obviously anaemic patients 
had been excluded. 

The anaemic patients were selected, because they had symptoms of anaemia, 
because they were obviously anaemic, or because the Tallqvist scale gave a reading 
below 50 per cent*. 

The conditions were the same as those in the previous investigations and the 
same methods were followed, except that the centrifuge used before had burnt out 
and an inferior one had to be used. This did not attain the same speed, and, 
although a longer time was allowed to compensate for this, the packing was not so 
complete and a factor — calculated subsequently — to compensate for this has been 
introduced ; the figures for cell volume and the figures calculated therefrom cannot 
be accepted as absolutely correct though we believe that the error is very slight. 

* It mil be seen that when some of these were investigated the hemoglobin estimated by more 
accurate methods was actually higher than some of those in the ‘ normal ’ group. ’’ 

( 529 ) 
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‘ NoUMAL ’ NC)N-1*UKGN'AXT KKMALE COOLIES. 

The ihitlings ii\ ;h) noii-preynant women arc summarized in Table I: — 

Table L 


Hasmoglobin in gnuunu-s per UlO o.u. blood 

Red blood cells in millions 

Cell volume per cent 

Jlean corpuscular volume 

Mean corpuseular luemoglobin . . 

Mean corpuscular hosmoglobin concentration 


Ma.\imuni. 

^lininium. 

Mean. 

Standard 

deviation. 

13-60 

9-20 

10-80 

± 2-30 

5-10 

3-57 

4-55 

± 0-65 

■12-00 

30-00 

34-60 

± 3-10 

8S-70 

Cl-10 

77-30 

± 7-70 

30-00 

18-SO 

24-50 

± 3-00 

35-.70 

29-30 

31-20 

± 1-70 


The mean htfimoglobin in this series falls half-way between that of the females 
in the two previous ‘ normal ’ groups reported in Parts III and V of this series, 
The other figures are materially the same. 


‘ Normal ’ rreglllnt women. 


The findings in 40 ‘ normal ’ pregnant women are summarized in Table II 


Table II. 


Heemoglobin in grammes per 100 c.c. blood 

Red blood cells in millions 

Cell volume per cent 

Mean corpuscular volume 

Mean corpuscular hemoglobin . . 

Mean corpuscular hoemoglobin concentration 
Reticulocytes 


Maximum. 

Minimum. 

1 

Mean. 

Standard 

deviation. 

12-51 

9-62 

10-70 

± 1-60 

5-96 

3-68 

4-65 

+ 0-62 

37-80 

29-00 

32-80 

4- 

90-20 

59-40 

72-10 


29-60 

18-20 

23-80 

4“ 2 

39-20 

27-80 

32-60 

4- I'oU 

4-70 

0-40 

2-10 

± l-oO 


There is little difierence, and certainly no significant dift’erence, between 
values we obtained in the two groups, pregnant and non-pregnant. This coniii_ 
our previous observation (Part VII) that in pregnancy there is no general loweriDo 
of the haemoglobin level. 


Anemic pregnant women. 

There were in this series 52 cases. 

Clinical symptoms . — ^Very often the patients made no' complaint of 
until pressed and then they admitted becoming easily tired and suffering 
some shortness of breath. In others, these symptoms prevented them 
working. Soreness of the mouth or tongue was seldom admitted. 


Grammes per 100 c.c.. 
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Their general appearance usually was pale, and the tongue had the wash- 
leather appearance but was seldom red or sore. Some oedema of the feet was very 
common, and also puffiness of the face. The skin was often lustreless and dry. 
Splenic enlargement was not uncommon and is referred to again. 

K-oilonychia was not noted in any case, nor were any eye changes suggestive 
of vitamin-A deficiency. 

The distribution of these cases according to the degree of ansemia and the 
mean corpuscular haemoglobin is best shown in the Chart in which also the 40 
pregnant non-anaemic cases are shown; — 

Chart. 

Showing distribution of 40 ‘ normal ’ and 52 ancemic pregnant females according 
to their hcemoglohin percentages and mean corpuscular hcemoglohin. 



532 


U(vmatolorjic(il ^^tudies in Indians. 
The four jrroups arc as follows;— 

(a) irypeiThromic — uiarlced ameniia ( 2-75 g. to 5-77 ". ) 

L n *.1 i” . ~ amuniia (7-97 g. to 10-31 "t) 

(e) Orthochromie — moderate aiuomia ( 6-]8 g. to 8 - 25 ° A 
{(t) Hypoeliromic - a continuous group with all decrees 
VrpM o. aiuomia (2-17 g. to 9-07 g.) \ . 

Total 


Cases. 

8 

10 

6 

28 

52 


hffimofdnli^in^nn^f ^'^^csc cascs according to the degree of 
ti e the i\rr'V^ ■ ^fi ^ ^ ^ ^*‘*'‘* j^fCH) rather than according to their size 

tlie’V.ell-volume'^estim’atfo.r uncertainty regarding 

renrrnll?J’^'7 according to the size of the cell (MOV), very little 

reairangemcnt would be nece.s.sarv : 

in group {b), No. 27 is microcytic, 

in gioup (c), No. 48 is very definitely microcytic, 

and in group {cl) Nos. 11 and 31 are norinocytic. 

[P’ouping. — In order to justify this arbitrary 

eneh^drnnr, ^ analysed certain iiaematological and biochemical findings in 
each group separately. 

licemoglobin concentration in the various 
nf <in-«Tni- ^ group {(1) there is a close correlation between the degree 

rTvrnTTn^ i^ n rnean corpuscular haemoglobin concentration percentage 
(MOJlLj but in all except three cases the MCHC is beloiv 30-0. In the other three 

^ above 30-0^^^ correlationship is noticed, but in all except one case the MCHC 

take an arbitrary figure of 8-5 grammes of haemoglobin and exclude all 

7i 7 ^ ^ 0^0 every case of hypochromic anaemia the MCHC 

IS belo^o 30-0 and of the rest in all except one case it is ccbove 30-0. 

hypochrornic group is again clearly differentiated from the rest by its loff 
corpuscular hremoglobin concentration. 

as fonows*^-— counts when the patients were first seen can be grouped 


Table III. 



(o). 



(h). 

(c). 

(<I). 

0 to 1 . , 1 

1 

. - 

1 

1 


1 to 2 .. 1 

2 to 3 .. ! 

t 

9 

2 

1 

1 

1 

1 

3 
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Table III — concld. 



(a). 

(b). 

(c). 

(d). 

Total. 

3 to 4 .. 



.. 

2 

2 

4 to 6 

1 

3 

1 

1 

6 

11 

5 to 6 

1 

■ ' i 


1 

3 

6 to 7 

.. 

1 


6 

0 

7 to 8 

2 

1 

1 

4 

8 

8 to 9 

-- 

1 

1 

1 

3 

9 to 10 


1 

• • 

1 

2 

10 to 15 

• • 

•• 

1 

3 

4 

15 or over . . 


*• 

1 

2 

2 


The mean reticulocyte count of the whole series was 5-75 per cent. The 
various groups did not show any significant differences though the counts in group 
(a) were the lowest. 

The leucocyte count. — There was little difference between the means in the 
different groups. They were : (a) 8,360, (b) 9,010, (c) 8,050, and (d) 9,370 per c.mm. 
The difference of one thousand between (a) and (d) is far below the significance 
level. 

Differential nucleated-cell count. — ^This was done in only 27 instances : therefore 
some of the groups are very small and consequently are not worth careful 
analysis. 

Nucleated red cells. — ^Nucleated red cells were observed in 17 cases ; the number 
varied from 1 to 11 nucleated red cells in a count of 200 nucleated cells. The 
relative incidence of nucleated red cells in each of the four different groups was 
about the same. 

Eosinophils. — ^In group (o) in four cases the count was recorded — the mean of 
the four was 2-87 per cent, in six cases of group (b) the mean was 5-21 per cent, and 
the mean of the remaining 16 cases was 7-06 per cent. These figures are all lower 
than we obtained with normal females of the same class of popidation. 

Neutrophils.— The mean count in groups (a) and (6) was 51 per cent against 
57 per cent in group (d) : the difference is not significant. 

Van den Bergh. — ^The ‘ direct ’ test was in every case negative. The ‘ indu-ect ’ 
test gave the results shown in Table W. An accurate quantitative estimation 
was not done on account of the difficulties, already referred to in a previous paper 
in obtaining a standard that would match. We have recently overcome ais 

J, iro 
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difficulty and wo arc now satisfied that the provisional values we gave are 
approximately correct. 


Tahle IV. 


Kesults. 

Approximate 

1 concentration 
' of bilirubin 
[ in mg. per 100. 

j 

‘ Normal ’ 
pregnant 
women. 

Ix’cmnxcE ix diffekent 

AXJJMEi OBOUFS. 


(a). 

(6). 

(c). 

id)- 

Negative 

j Less than 0‘5 

33) 


2] 

2 

12' 

1 



-3G 


1-2 



ll5 

( + ) 

0-5 to 1-0 


• .. 

•J 1 

1 

3J 

1 

+ 

1-0 to 2-0 

•1 

0 

' 6 •' 


3 

7 ■ 


+ + ! 

2-0 to 3-0 

• • 

2 

1 ^ 

•10 

. . 

4 

■12 

+ + + j 

over 3-0 

•• 

1 

1. 


•• 

1 , 



The van den Bergh in No. 27 was -f-j and in Nos. 11, 31, and 48 was negative, 
so that rearranging according to cell volume rather than h®moglobin contect 
■would mean the transfer of one + from (a) to {d) and one negative from {d) to (c). 

There is a very marked difference between the v^n den Bergh in the hypei' 
cffiomic, (o) and (6), and in the hypochromic, (cZ), groups. Statistically, tlie 
difference in the incidence of a positive van den Bergh is very significant* — 43‘05 
per cent, i.e., about three times the standard deviation (14‘76 per cent). 

The difference between the van den Bergh in the ‘ normal ’ pregnant women 
and those of the hypochromic group is also very significant (difference 44’44 per 
cent, standard deviation = ± 10'6 per cent). 

The rearrangement of this group according to tlie volume of the cells dimimshes 
this difference only very slightly and leaves it still very significant. 

Gastric analyses . — These proved very unpopular amongst the coolies and, m 
order not to jeopardize the whole inquh'y by estranging the labour force, they were 
discontinued^ early in the inquhy. In three cases an adequate number of samp 
was taken : in all three free acid was found. Two of these cases belonged to group 
{d) and one to group (a). 

Summary . — W e can now give a short summary of the main features of the 
four groujfs : — 

(а) A severe an®mia, macrocytic and hyperchromia, with a mean 

cular hemoglobin concentration above 30 per cent, a van den * 
(indirect) positive and free acid in the gastric juice (one case on 
tested in this series but the observation has been confirmed in ano 
series). 

(б) A lesser degree of an®mia with the other features similar but again k 

pronounced. 


signifiot^rofTo-oTordefifi^li^d® ^^^enever the word ‘significant’ is 


used, statistic*^* 


implied. 
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(c) A hypocliromic microcytic anaemia of all degrees of severity, with, a low 
mean corpuscular haemoglobin concentration (below 30 per cent), 
with an indirect van den Bergh which is usually negative but 
sometimes positive, and free acid in the gastric juice. 

(cZ) An orthochromic normocytic anaemia of moderate severity, with a mean 
corpuscular haemoglobin concentration above 30 per cent, and an 
indirect van den Bergh that is sometimes positive. This is probably 
not a distinct group. 

JEtiological /actors.— It seems very probable that the aetiological factors 
involved in the production of the anaemia in these different groups are not the same 
and therefore it seems worth analysing some of the aetiological data collected, 
separately for each group, as we did in the case of the haematological data. 

Age . — The age 'grouping in the four anaemic and the non-anaemic groups is 
given in Table V : — 


Table V. 


Ages. 

{a). 

1 

1 (6). 

(c). 

mm 

Non-anajinic. 

15 to 19 

2 

1 


5 

4 

20 to 24 

3 

2 

1 

11 

12 

25 to 29 

3 

3 

2 

6 

11 

30 to 34 

. . 

4 

2 

4 

8 

35 to 39 

•• 

•• 

1 

2 

1 

5 

1 


Group (a) is certainly the youngest group, but there is nothing in the age 
distribution to which significance can be attached. 

Previous pregnancies . — Arranged according to the number of previous pregnan- 
cies the cases are grouped as given in Table VI : — 
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There appears to be a distinct tendency for the severe macrocytic ansemias 
to occur in the early pregnancies, but the difference in the distribution even 
between groups («) and (d) is not significant statistically. Another point 
of interest is the very higli incidence of antemia in the second pregnancy, 
particularly so in the hypochromic group. 


' T-Ujle VII. 


Mouth 

of 

pregnancy. 

,.0. 

(6). 

1 

(c). 

1 

j id). 

Non-ancemic. 

2nd 

• « 


• 


\ 


. 

. 

3rd 

• . 


• 


1 1 


• 

• 

4th 

. . 


. 


1 

1 

■11 



5th , . 

• • 

1] 

. • 

1 2 


* 

> 5 

Cth 

1 

•J “ 

■■ 

’ cj 


31 


7th 

2 

3 



< 

1 4 ' 


11 


8th 

4 

5 

•IG 

5 

0 

■17 

16 

31 

0th 

1 

1 


1 

' 4 

1 


4 



There is evidence of some difference in the groups here. If we group toge ie 
the cases examined in the third trimester and those examined in the first w 
trimesters separately, for the microcytic group {d) and the macrocytic 
a'nd (6), we find that the difference is only just below the significance level (difierenc 
0’382, standard deviation = ± O' 146). If the microcytic cases are compared wi 
the rest, the difference is definitely ‘ significant ’. 

Diet . — By casual inquiry we obtained very little information of value 
is proposed to carry out a general dietary survey when opportunity arises, 
caloric value of the adult diet we calculated at about 2,200 calories. 
given was that they took meat once a week, usually mutton, chicken, or 
about half the patients took fish also once a week ; very few took millc or eggs, 
daily food consisted of rice, dal, and vegetables. 

There is so little difference in the dietary histories given and their accuracy 
is so doubtful that, despite an impression that diet is an important factor, we 
not consider that it would be profitable to analyse the records. 

Malarial infection and splenic enlargement . — ^Malarial parasites were ou^^^ 
in a few cases but the gardens are situated in an intensely malarious area an ^ 
actual presence of parasites at the time of examination is a matter of j,ja 

better indication of the extent to which the patients have suffered from ma 
in the past is the size of their spleens. 
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The cases with and without splenic enlargement arranged according to the 
four anaemic groups and 40 pregnant controls* are as follows : — 


^ 

EuJarged. 

1 

i 

Not helow the 
costal margin. 

Per cent 
enlarged. 

(a) .. ! 4 

1 

4 

1 

j 33*3 

1 

(6) ‘ 2 

1 

8 

f .. 

(c) ..1 

6 

0 

(d) .. 4 

24 

14-3 

1 

Non-an»mics j 2 

32 

5-9 


The difference between the percentage of enlarged spleens in the hyperohromio 
groups (a) and {b) and in the Hypochromic group (cl) is just short of the significance 
level (standard deviation = ± 0'106). The exclusion of the group (b), the slightly 
anremic group, would make the difference significant, so also would the inclusion 
of the orthochromic group (o) amongst the hypochromic cases. Nos. 27, 11, 31, 
and 48 show no splenic enlargement so that rearrangement according to cell 
volume would make little difference. 

Helminthic infections . — ^Egg counts were done on samples of the stools of all 
the patients and pregnant controls ; the findings can be summarized as follows : — 



Ansemics, 
per cent. 

Non-an®mics, 
per cent. 

Hookworm infection in . . 

1 

96 ' 

1 

82 

Whipworm „ i 

94 

90 

Bound-worm „ „ . . 

1 

80 

83 

Triple „ „ ] 

76 

68 


* In four eases the notes 


were incomplete. 
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The round-worm infections were very higli, up to 60,000 eggs per gramme, but 
were quite definitely liiglier in tlie non-aummic women. The whipworm egg counts 
were about the same iu each group. 

Though the hookworm egg incidence (82 per cent) was high in the non-ansemic 
cases, the counts were definitely higher in the antemic groups and these counts 
have been examined separately for eacli of the anaemic groups, and compared 
with one another and with those of the nou-anaemic patients. 

T.VBLE VIII. 


HooJcworm infection. 


Eggs per graiuaie 
of stool. 

An.^mic patients ok 

VARIOUS GROUPS. 

Non-ameraic. 

(«)• 

(b). 

(C). 

id). 

30,000 4- 




1 



10,000 to 19,900 .. 

1 



'3 

■12 

1 

5,000 to 9,900 .. 

2 

1 

'l 3 

1 

S- 


2 

2,000 to 4,900 .. 

1 


1 



s 



15 


1 

16 


Less than 2,000 

6 

3.1 

3 

5 ) 


29 

Not recorded 

•• 

•• 

1 

•• 


•• 


We have usually accepted 5,000 eggs per gramme as being the^ patlio^e 
level, though of course the figure is an arbitrary one. In the 
this degree of infection, there is a sharp contrast between the hyperc 
and the hypochromic groups, the incidence in the latter being much higher- 
difference between the incidence of a heavy infection (5,000 eggs or more i 
gramme) in the two groups is not quite significant (difference == 0-262, 
deviation = ± 0-141). The difference between the hyperchromic and 
anaemic groups is far below the significance level, but the difference be 
the non-anaemic and the hypochromic groups is very significant. 

These figures suggest that hookworm infection is an important factor 
ducing the anaemia in the hypochromic cases, but that in the hyperchro^c p 
it is less important as the heavy-infection incidence is not much greater than 
non-anmmic series. 
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"We ■will consider tliis from anotker point of 'vie'w. The correlation coefficients 
of the haemoglobin content of the blood and the hookworm egg count in the _ 18 
hyperchromic cases and in the 28 hypochromic cases ha've been calculated, using 
^ {x-x)(y-y) 

the lormula r = r ^■^ 

V< (a; - ^ (2/-2/'- 

In the hyperchromic series r =: + 0-0111, an entirely negligible figure, and 
in the hypochromic group T ~ — 0'477.6, which with the standard error at i 
0-1924 is distinctly ‘ significant 

The correlationship is shown quite well in Table IX in which the hypochromic 
cases are grouped according to their haemoglobin percentages and egg counts . 


Table IX. 


Hemoglobin, grammes 
per 100 c.c. 


9 grammes + . . 

8 „ less than 9 


7 

6 

5 

4 

3 

2 


.. 8 
,1 ,» ^ 
„ 6 


„ „ 3 


Hookworm eqgs per gramme of 

STOOL. 


10,000 -1- 

5.000 + 

2,000 + 

Below 

2,000. 

.. 

. . 


1 

• • 

•• 

3 

1 

• • 

•• 

1 

1 


2 

•• 

2 

1 

2 


3 

1 

1 

1 

1 

1 

2 

1 

•• 

1 

1 

1 



Subsequent progress. ^In this investigation we did not follow the cases systema- 
tically, and a subsequent record of the blood condition, or a history of death having 
occurred, was only obtained in 23 cases. . ° 


Two patients had died at the time of or soon after delivery. The second blood 
examination was done after intervals of one to three months, subsequent to 
delivery m most cases. In most cases iron in large doses had been prescribed, but 
had not been taken regularly by the majority of the women. 
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The progress and the nature of the blood picture at the second examination 
in these 21 cases are shown in Table X : — 


Table X. 


Subsequent ‘progress. 


Dillcicuce first anil final oxaniinatiun 

Giiour .\T rmsT zxaiunation. 

in "raniini's per JUU c.c. of Inuniuglubin. 

(a). 

(b). 

(c). 

(if). 

Decreased 

■ 


2 

.. 

3 

Constant or increased Irnt less than 1 g. 

■ • 

1 


5 

Inereased more than 1 g. „ „ , 

. 2 g. 

. • 

1 

- • 

1 

SI Jl IS “ O’ 11 >1 II ^ o* 

• • 

• • 


2 

II 11 II o* 11 11 >1 o* • • 

•• 

• • 

! = 

1 

11 II II o* II 11 II ^ • • 

•• 

•• 

1 

1 

1 

II »i II 5 S* II i> II ^ s* • * 

1 



•• 

II 11 II ^ S’ II 11 II s* • • 

1 

• • 

• • 

• * 


■ Microcytic . . 

1 

1 

1 

12 

Nature of blood picture at second ■ 
examination. 

Normocytic . , 

•• 

2 

2 



. jMacrocytic . . 

1 

1 




Died . . 

1 

•• 

1 

•• 


Both of the patients in group (a) had been delivered for three months at 6 
time of the second examination ; in one the blood picture had returned to t 
normal microcytic picture of the coolie class, the other had retained the macrocy 
tendency, but this was less marked. 

Of the cases in group (ft), in one, three months after delivery, the blood picture 
had returned to the normal of the coolie class, in one the haemoglobin had 
constant at about the normal level, but the size of the cells was reduced (MO -- 
85) ; and in two in which the second count had been taken soon after^ f fhe 
there was a marked decrease in hmmoglobin and in one a decrease in the size o 
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, , ; there was little cliariffe in the size of the cells, 

cell. In the the microcytic nature of the blood picture : 

“thTs?a°e subsequent to deUvery there was considerable increase in h^nmoglobm 

To^ s^umLmte'Tcan Ve° slid that there was little change in the size of red 
io summari^, . there was a marked increase or decrease 

cells except 111 so tlecrease in hemoglobin is in most instances dependent 

rfbTSd SVelitVt two cases in group <(,). Of the six n,actocyt.c 

cases examined a second time only two retained their maciocytic nature. 

Discussion on iETioLOGicAL factors. 

Little assistance is obtained from the grouping, according to age and, though 
in the table showing the grouping according to previous pregnancies there appears 
To be a distinct tendency for group {a) cases to occur in the early pregnancies, this 
conclusion will not bear statistical analysis. . , . i 

On the other hand there is a significant difference in the microcytic group and 


the two macrocytic groups in 


relation to the month of pregnancy. 


If the anemia were entirely independent of the pregnancy one would expect 
that the cases would be distributed evenly amongst the mne months of pregnancy, 
but one has to remember that few of these coolies were sufficiently ill to report to 
the dispensary and that the majority only came under observation because they 
annlied for ’pregnancy leave’ in the last trimester On the other hand, if the 
anemia were due mainly to the pregnancy one would expect the maximum effect 
during the last trimester. 

In groups (a) and ( 6 ), and also (c), the anaemia does not seem to have been 
sufficiently pronounced in the early stages of pregnancy to bring the coolies to the 
dispensary for medical attention before they would normally report, but in group 
(d) there is a more even distribution amongst the months and there is evidence of 
some factor which may cause severe anaemia in the early months of pregnancy and 
which is therefore probably independent of the pregnancy itself. 

The fitfures showing the distribution of splenic enlargement amongst the various 
croups are very suggestive. If the hyperchromic cases with severe anaemia are 
compared with the hypochromic cases the difference is significant, but the numbers 
involved are very small, and if the whole hyperchromic group is included the 
difference is only just below th,e significance level. The incidence of splenic enlarge- 
ment in the hypocliromic group is little more than that of the general adult 
population. 

Malaria may be considered the only important cause of splenic enlargement 
in this district, as kala-azar is almost unknown, and this disease, together with 
certain other diseases that might cause splenic enlargement, was excluded in the 
cases concerned. 

We may conclude that the evidence does point to malaria and/or splenic en- 
largement as playing some part in the aetiology of the hyperchromic type of 
anaemia in these pregnant women. 

The effect of hookworm infection seems very clear. In the hypochromic group 
the infections are very much heavier than in the controls or the other groups. 
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The incidence of a pathogenic infection is significantly higher in the hypochromic 
group tlian in the controls, and in this group the coefficient of correlation between 
the degree of aniemia and the hookworm egg counts is significant. 

Therefore, there is strong evidence of hookworm infection being an mtiolooi- 
cal factor in this type of aniemia. On the other hand, there is complete lack of 
evidence of the association between the hyperchromic anmmia and hookworm 
infection. 


In a previous paper {vide Part VI) we were able to show that the anremia in 
the general population in this district was almost all microcytic hj^ochromic 
aniemia easily ciu’ed by iron admmistration. We have found that the incidence 
of anaemia in different gardens in tliis district varied from 6 to 12 per cent. The 
anmmia amongst pregnant women was 15'8 per cent {vide Part VII). We must 
not attempt to deduce too much from the percentages just quoted but they do 
seem to us to suggest very strongly that the h 3 ’’pochromic aniemia which constitutes 
a little over half of the aniemia in this series is the same h}’pochroniic anmmia as 
that occurring in the general population and that the ' higher rate of anseiuia 
amongst pregnant women can be accounted for by the superadded hyperchromic 
anaemia. 


This hypochromic microcytic anaemia conforms in every way with the 
hypochromic microcytic anaemia we found in the general population, except that 
in this series the response to treatment was not so good as when we ourselves 
superintended systematic treatment with large doses of iron. 

To summarize our findings, regarding the severe hyperchromic ansema, group 
(a), there is a tendency for a higher incidence in the first pregnancy and in the 
later months of pregnancy and there is evidence of an association with splenic 
enlargement but none with hookworm infection. 

The less severe hyperchi'omic anaemia also shows a tendency to higher incidence 
in the later months of pregnancy, shows a lesser degree of association with splenic 
enlargement, but also shows no association with hookworm infection. _ Little can 
be said about group (c) except that there is no evidence of any association wit 
hookworm infection or splenic enlargement. 


Conclusion. 

In conclusion, one 
two main types ; one is 
worm infection though i 
the other is a hyperchromic macrocytic anaemia in which the pregnancy 
appears to be an important causative factor and which is associated with spleni 
enlargement but not with hookworm infection. 

There is also a group of cases in which the haemoglobin is almost within ^ 
normal range but in which the size of the cells is large ; this type is J 

aetiologically similar to the severe type of macrocytic anaemia and is 
with the pregnancy, but it may be looked upon as an almost physiological anffi 
of pregnancy. Finally, there is a small group of cases of a normocytic ansmw 
a moderate degree of severity which differs from each of the other two types 
some particulars and which is possibly a combination of the two types. 


of 


may say that the aniemia in these pregnant^ women is 
a hypochromic microcytic ansemia caused mainly by hoo ^ 
lossibly exaggerated by other factors including pregnane} ? 
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4-67 71-6 20-4 29-0 27-5 ++ 13-20 
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SOME OBSEEVATIONS ON THE EXPERIMENTAL 
PRODUCTION OE CATARACT. 

BY 

BASHIR AHMAD, 

AND 
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{From the Department of Biochemistry and Nutrition, All-India Institute 
of Hygiene and Public Health, Calcutta.) 

[Received for publication, May 1937.] 

The problem of cataract deserves a certain amount of attention in India where 
its incidence is said to be high in certain regions, notably in the Punjab. The 
possibility of a dietary factor being involved was suggested by the work of Day and 
Langston (Day, Langston and O’Brien, 1931 ; Langston and Day, 1933 ; Day and 
Langston, 1934 ; Day, 1934), who succeeded in producing cataract in 92 per cent of 
rats fed on a vitamin-B2 free diet. Later workers (Bourne and Pyke, J 935), however, 
with an exactly similar diet obtained an incidence of only 31 per cent. Mitchell 
and Dodge (1935), on the other hand, produced cataract in rats on a diet rich in 
lactose but without any vitamin deficiency, and maintained that some abnormality 
in carboh5'drate metabolism was responsible for the condition. Day (1936) stated, 
however, that cataract following the feeding of lactose or galactose was difierent 
from that observed on a vitamin-B2 deficient diet. Several workers have repeated 
Day and Langston’s experiment’s but have never observed an incidence of cataract 
greater than about 30 per cent. The few observations recorded here were an 
attempt to elucidate the discrepancy and, if possible, to find out if some other 
factors were involved. .This goal has not been achieved. The main object of 
publication, apart from certain other features which appear, is to guide others who 
may be tempted to try the modifications of diet which we have employed. The 
original observations of Day and Langston were made with the Sherman and Spohn 
(1923)_ diet vitamin Bi being supplied in the form of an alcoholic extract of rice 
polishings evaporated on a little starch and mixed with the diet. Our modifications 
in the diet were made chiefly from the point of view that discrepancies in the results 
might be due to (i) the source of vitamin B^ in the diet, and (ii) the nature of the 
starch fed. We previously made the observation while doing some work on the 
vitamin-Bi assay of foods that two out of three rats fed with cobs of corn as a 
supplement to vitamin-Bj free diet developed cataract. This led us to try the 

( 547 ) 
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addition of fresh green corn to the diet. The following diets were employed in 
the experiments recorded here : — 

Group I. Sherman and Spohn diet ; an alcoholic extract of rice polishings 
equivalent to 10 per cent of polishings being incorporated in the diet 
as a source of vitamin Bj. 

Group II. Similar diet to group I, but the rice-polishings extract wasted 
separately instead of being incorporated in the diet. 

Group III. A vitamin-B^ free diet with dextrin taking the place of maize 
starch and vitamin Bi fed separately as a Kinnersley and Peters’ 
extract from yeast. 

Group IV. A similar diet to group III, except that green cobs of corn 
were fed as a source of vitamin B^. 

Group V. A low protein diet in which maize meal replaced most of the 
casein and also formed the source of vitamin Bi. 

Group VI. Sherman and Spohn diet with the modification that cobs oi 
corn were the source of Bi factor. 

Group VII. A diet containing 40 per cent lactose. Vitamin-Bi extract 
from rice polishings was fed separately. 

As these diets were either completely or partially deficient in vitamin B 2 , the 
following signs of deficiency were looked for : — 

(i) Dermatitis, hyperaemia, and ulceration of the paw'S associated with the 

Bq factor of the vitamin-B^ group. 

(ii) Alopecia, falling out of hair associated with flavin deficiency in rats. 
{in) Cataract, said to be due to vitamin-Bo deficiency, or a disturbance 0 

carbohydrate metabolism. 

{iv) Loss of weight and early death. 

The results of these experiments are summarized in the Table : — 


Table. 


Group. 

Diet. 

I. 

Sherman and Spohn diet. 



Casein . 

. 18 


Maize starch . 

. 68 


Ghee 

. 8 


Cod-liver oil . 

. 2 


Salt mixture . 

. 4 


Bi as rice-polishings extract 
mixed with the diet. 


Total 
! number 
of rats. 

i 


12 


Disease. 

Number 
of rats 
atlected. 

Time of 
develop- 
ment of 
symptoms 
(days). 

Cataract 

3, 

30, 32, 42 

Dermatitis 

0 

•• 

Alopecia 

0 



Incidence, 
per cent. 


0 

0 
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Table — conld. 


Group. 

1 Total 

, Diet. ‘ number 

of rats. 

Disease. 

Number 
of rats 
affected. 

Time of 
develop- 
ment of 
symptoms 
(days). 

Incidence, 
per cent. 

II. 

1 

Sherman and Snohn diet. i 







' 

’ 

Cataract 

0 

« > 

0 


Same as above. B, extract j 







from rice polishings fed by 

- 20 

Dermatitis 

2 

35, 37 

10 


the mouth separately. 







1 

1 


Alopecia 

0 

• • 

0 

III. 

Vitamin-B., free diet. 







Casein . . . . 15 | 







Dextrin . . • I 







Agar agar . . . 2 I 


Cataract 

1 

45 

9 


Ghee . . . .5 

■ 11 

Dermatitis 

2 

87, 83 

18 


Salt mixture . . .6 


Alopecia 

5 

Irregular 

45 


Cod-liver oil . . .2 







Vitamin as Peters’ yeast 







extract. 









Cataract 

0 


0 

IV. 

Similar diet as (III). Cobs 







of corn formed the source 

6 

Dermatitis 

0 

0 

0 


of vitamin B^. 









Alopecia 

0 


0 

V. 

Low protein maize diet. 







Maize meal . . . ,35 







j JIaize starch . . .50 


Cataract 

1 

46 

12 


Ghee . . . .8 

■ 8 . 

Dermatitis 

0 

. . 

0 


Salt mixture . . .5 


Alopeei.a 

2 

91, 83 

25 


Cod-liver oil . . .2 







1 Sherman and Spohn diet. 







\ 


Cataract 

0 


0 


Same as (I). 







Vitamin B, supplied as cobs 

■ 6 

Dermatitis 

0 


0 


of corn. 






' 



^ Alopecia 

1 

42 

16 


j, ini 


15 
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Table— cojicW. 


Group. 

Diut. 

1 

1 

j 

t 

Total 
luiinher 
of rat.s. 

j 

i 

j Disease. 

! 

1 

J 

Xuniber 
of rats 
affected. 

Time of 
develop- 
ment of 
symptoms 
(days). 

Incidence, 
per cent. 

VII. 

Lactose did. 

1 

i 

1 

1 

1 


1 

1 

1 

1 

1 

1 





Casein . 

. 18 i 

1 







Jlaizo starch . 

1 

. 38 ! 







Lactose 

1 

. 40 1 

1 


Cataract 


. • 

0 


Ghee 

• s 1 

• 6 ■ 

Dermatitis 

. 0 

• • 

0 


Salt mixture . 

• -1 ! 

1 


Alopecia 

0 

•• 

0 


Cod-liver oil . 

2 1 







Vitamin-Bi extract from rico 








polishings fed separately. 

1 







A glance at the Table shows that the incidence of cataract, dermati is, 
alopecia varies considerably ih the different groups. The maximum 
cataract is only 25 per cent. Several points, however, should be noted. X 

I and II, the only difference between the diets is the method of giving the a 
extract of rice polishings. In group II it is fed by the mouth, and m 
smaller quantity than would have been consumed in group I (0'2o ifpj 
increased to 0’5 c.c. per diem). In group I ten out of the twelve rats 
thirty weeks and three developed cataract but no dermatitis or ^ jjj 

observed. Yeast and marmite were fed to those affected but no. improve 
the eye lens was noted. This group showed the greatest incidence of ca ara 

In group II, two out of the twenty rats developed dermatitis 
promptly cured by feeding vitamin Be prepared from whey from ^ ^geks 

had been removed. The remaining eighteen rats survived only for 
without showing any signs of cataract or other skin conditions, oratory 

IV were fed the usual vitainin-B 2 free diet which is employed in this a 
for routine tests. In this diet dextrin replaced maize starch and iV. 

supphed as extract of yeast in group III, and as 1 gramme of green corn in S ^ 

In group III only one of the eleven animals developed cataract, but two 
dermatitis and five alopecia. The presence of both dermatitis and alop 
observed in some of those but no animal with cataract showed any slan 
The dermatitis and alopecia were readily cm’ed by flavin^ f '^leficiea^y’ 
preparations from whey of millc. The rats, which showed no signs oi ci 
survived for periods of 4 to 21 weeks. 
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In group IV, no signs of any deficiency were noted in the six rats during a 
period of 15 weeks when the experiment was discontinued. Apparently the cobs 
of corn had supplied all the missing factors. Group V was fed the low proteins 
diet containing 35 per cent maize meal as the only source of vitamin Bj and protein. 
Only one rat out of eight developed cataract in forty-six days. In this particular 
case, the cataract improved after feeding a rice-polishings extract for about 
thirty days and the animal survived for Id weeks. Two rats from this group 
developed alopecia which was also cured by feeding rice-polishings extract. 
The other animals all died within six weeks. In group VI where 1 gramme of 
fresh cobs of corn was fed as the source of vitamin Bi with a Sherman and Spohn 
diet, only one rat showed a mild alopecia. All the animals survived for 15 weeks 
when the experiment was discontinued. In group VII, lactose diet with rice 
polish extract, no case of cataract or dermatitis was observed in the nine-week 
period of the experiment. 

The results obtained from these experiments would appear to show that 
a pure vitamin-B 2 deficiency per se is not a cause of cataract. It is 
possible that, along with some unknown factor, vitamin Bs may be involved 
although the fact that dermatitis and cataract were not observed together 
in the same animal would tend to discountenance this theory. A factor tending 
to complicate the problem is the time of appearance of cataract, which might 
suggest that it is possibly a symptom of animals which are capable of surviving 
an absolute or relative deficiency of vitamin B^. It is also possible that in a 
series of rats which have survived a certain period of time, individual differences 
in their constitutional make-up may determine the appearance of cataract or skin 
symptoms. 

It is significant to note that in our experiments, the appearance of cataract, 
in those animals in which it developed, was much earlier than has been observed 
by other workers. The animals which did not get the disease in to 6-1- weeks 
did not get it at all although some of them survived as long as 231 days (group I). 
This observation supports the view that only certain individuals, which are more 
susceptible, develop the condition. 


We desire to express our thanks to Professor H. Ellis C. Wilson for his help 
and advice in carrying out this investigation. 


StIMMARY. 

1. Cataract appears to be associated with diets which are deficient, among 
other things, in vitamins of the B 2 group. - 

, evidence does not favour the hypothesis that vitamin Be (the anti- 

dermatitis factor) or flavin is the cause of the condition. 

3. The results would appear to show that possibly only certain susceptible 
members of a group of animals may develop the condition. susceprioie 
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Introduction. 

The occurrence of this condition in the Madras Presidency has been recorded 
in a preliminary note by Shortt, Pandit and Raghavachari (1937). The present 
account is a more complete description of the condition based on a careful in- 
vestigation of ten cases from the affected area which were admitted into the 
Presidency General Hospital, Madras, for this specific purpose. 

The cases were chiefly in an advanced stage of the ‘ disease ’ and the description, 
therefore, applies more especially to individuals who have been subjected for 
periods of forty years or more to the influence of drinking waters containing 
comparatively large quantities of fluorine compounds. At the same time, 
opportunity was taken, in the preliminary field investigation, to study the earlier 
manifestations of the condition and especially the effect produced on the teeth of 
children, giving rise to the condition widely known as ‘ mottled enamel ’. 

Our reasons for publishing our findings in considerable detail are two in 
number : — 

The first of these was that a search of the literature has failed to reveal any 
previous account of this intoxication comparable to conditions pcey ailing in the 
area under consideration, either in the extent of country affected or in the severity 
of the manifestations. The reason for the latter probably lies in the fact that the 
majority of the references, with some notable exceptions, relate to the United 
States of America where, as soon as the fluorine causation of the early stages of 
the intoxication, as evidenced by mottling of the enamel of children, was established 

( 553 ) 
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iu ally area, steps were taken to change or otherwise deal with the water supply. 
In this way, the later pathological manifestations associated with very’- prolonged 
use of waters highly charged with fluorine were avoided and only the early changes 
of mottled enamel were noted and described. In the affected areas of the Madias 
Presidency, on the other' hand, as the disease has not hitherto been traced to its 
real cause, no changes in the water supply have been made apart from action taken, 
completely’' empirically, by’ the villager.s themselves in moving their villages in 
order to obtain a ‘ better ’ water supiply since Indian villagers attribute, with and 
without reason, many of their ills to their water supplies. In an area so widely 
affected some of these changes must almost certainly have been for the worse. The 

r ‘ disease ’ therefore, since it comes in the first instance from the soil, might truly 
be described as being in this area ‘ as old as the hills 

' The second reason for our account is that, so far as we are aware, there has 
been no previous record of this condition existing in any part of India and we hope 
that this description of it in i\Iadras may bring to light any other affected areas, 
if they exist, and so lead to action which will ameliorate the condition of the la- 
habitants who add to their disabilities ivith every drink of water they take, 

A short study of a large number of cases in the field and the more detailed 
study of the ten cases admitted to hospital bring to light the fact that there is an 
extraordinary degree of uniformity in signs and symiptoms shown by all cases m 
any particular stage to which the intoxication has advanced. umfornuty 

makes it unnecessary, even in a first detailed account of the condition in Inclmj 
to describe the symptoms and clinical findings in each case individually. In givjag 
an account of the clinical and radiological findings, therefore, we have contente 
ourselves with a general description which will be found to apply to most cases 
and from which the individual variations willjbe small and unimportant, ftis 
method of treatment has not been quite so easily applicable in the case or t 
biochemical examinations made on these patients and here the details m 
individual cases have, in' addition, been tabulated. In applying this metno 
presenting our findings we commence with a systematic clinical description o 
cases followed by a description of the bony changes, as shown by’ radiology) , 
account for many of the clinical manifestations. This is followed by an accoun 
of the biochemical investigations. 


Clinical findings. 

General clinical picture. 

This has been given, very shortly, in the communication cited above but, for 
the sake of completeness, may be repeated here, with some additions,' before tire 
more detailed clinical findings are entered into. 

' In children born and brought up in the area under consideratiori, there is a 
very high iricidence of ‘ mottled enamel ’ in the teeth. This mottUng is especial y 
characteristic of the permanent teeth but may also be seen in the deciduous teetfl 
in areas where the fluorine content of the drinking water is especially high, a 
the teeth are presumably influenced in the process of formation, the fact ma 
deciduous teeth show the defect proves that a very prolonged exposure to fluoriu 
containing waters is not necessary, provided the fluorine content be high. 
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The usual course of events in the permanent teeth appears to be somewhat 
as follows : — 

The enamel .of the teeth loses its glistening appearance and becomes a dead 
white like chaUr. This change is not evidenced uniformly over the whole area 
of the tooth but tends to take one of three forms : — 

(а) a banding of the tooth by a horizontal stratum of chalky whiteness with, 

sometimes, subsidiary but less well-developed strata. 

(б) a more or less centrally placed area of whiteness surrounded by a more 

normal appearance of the tooth. 

(c) an irregular pattern of patches of whiteness. 

After this whiteness of the teeth has lasted some time and if the consumption 
of water from the same source continues, the whiteness is replaced by chocolate- 
coloured markings occupying exactly the same areas as were previously white. All 
these appearances are best shown by the central upper incisors but any or all of the 
teeth may be affected in either jaw and the appearance is characteristic and most 
striking. Apart from the colour defects noted, the teeth of the children do not appear 
to be any better or worse than those of children in unaffected areas. Hutchinsonian 
teeth appear to be common, but whether due to fluorine intoxication or to syphilis 
is uncertain. The children, apart from the dental condition noted, do not appear 
to suffer in any way from the intake of fluorine and there would appear to be an 
interval, extending from childhood to about 25 to 30 years of age, during which 
few or no ill-effects are exhibited. Whether this is because the maturing body is 
able in some way to deal with the excess of fluorine or, as is more probable, the 
effects of the latter are cumulative, we have not yet had the opportunity to 
investigate. At about 30 years of age, however, the first symptoms of intoxication 
appear. This is evidenced by a recurrent general tingling sensation, in the limbs 
or over the body in general. Pain and stiffness next appear, especially in the 
lumbar region of the spine but also involving the dorsal and cervical regions. 

The stiffness increases until the entire spine, including the cervical region, 
appears to be one continuous column of bone, producing a condition of ‘ poker 
back ’. Such patients to turn the head must turn the whole body, in fact the spine 
loses its flexibility almost entirely ; accompanying the spinal disability, there is 
stiffness of various joints due to infiltration by bony material of the periarticular 
tissues, tendinous insertions of muscles and interosseous fasciee. This leads to 
various other disabilities such as loss of the power of squatting. The bony 
skeleton of the thorax is markedly affected and the ribs become rigidly fixed at 
their junctions with the spine. This results in their complete inability to allow 
expansion of the cavity of the thorax and breathing becomes entirely abdominal, 
while the chest assumes a barrel-shaped outline flattened anteriorly. By the time 
this condition is reached, the individual is between 30 and 40 years of age and 
the later and final stages of the intoxication are imminent. 


The patients exhibit a definite cachexia ; there is loss of appetite and general 
emaciation. Symptoms of pressure on the spinal cord may appear, due as will 
be seen later to bony encroachment on the spinal canal. There is loss of sphincter 
control m the latest stages and impotence is common. The patient is finaHv' 
completely bed-riddeuT-while the mental powers are unimpaired Death usuallv 
occurs due to some intercurrent disease. ^ usuany 
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The picture here (Iruwii may he .said lo he tlie typical inarch of events but 
there are minor variations in individual cases and all in a village do not exhibit 
the intoxication to the .same ilcgrec. This, however, is what might be expected 
as the water drunlc while at work in distant lields might not be that of the village 
of rosieleuce and so, all the inhahitanls of a village are not subjected to uniform 
conditions. 

Special clinical Jindinys. 

These will he eonsKlercd as briefly as possible under certain heads and the 
account given should he understood to he a summary of the conditions found iu 
the ten cases investigated. \Va ha\m not eonsiderecl it necessary to go in great 
detail into the findings in respect of each physiological system because, on the whole, 
the clinical examination of the eases yieldetl no striking features. Thus, the chief 
clinical sympitoms were the pihysical disabilities jirescnt due to the mechanical 
eft’ects of bony growths around the spiinal column and joints, and in tenclinoii! 
insertions and interosseous ligaments. 


Resume of si/stematic clinical Jindinys. 

History oj' illness. — The first symptoms noticed are tingling sensations all over 
the body with pains in the limbs. The duration varied between one and ten years, 
the average period since conmiencement of symptoms being four years. In al 
cases, there had been a gradual deterioration in condition with lapse of time until 
the stage described in an earlier part of this communication had been reached. 

Present yeneral condition. — The patients were undernourished in most cases 
and with limitation of movement in various joints ; in some cases bed-ridden. 

Teeth. — These were in poor condition generally, discoloured, and with many 
missing. Pyorrhoea alveolaris was present in most cases. The discoloration 
was largely due to excessive use of tobacco which is grown in the district. 

Gardio-vascidar system. — In most cases the heart boundaries and sounds were 
normal but the majority showed some tachycardia, possibly temporary and clue 
to the excitement of examination. 

Respiratory system. — Percussion and auscultation revealed nothing abiiorina . 
The resphation rate varied from 18 to 44 and averaged 26. The vital capaci } 
varied greatly with individuals, 1,100 c.c. to 2,375 c.c. The chest was almos^ 
immobile due to fixation of the ribs and breathing in some cases 
abdominal. Tire chest, seen from in front, was flattened anteriorly, with 
lateral, margins curved to give a barrel-shaped outline. The intercostal spac 
were sunken owing to atrophy of the unused muscles. , 

Osseous system. — There was synostosis of the entire vertebral column, i.^trbe 
commencing in the lumbar region, while the cervical region was the last to 
seriously affected. In some of the cases, the vertebral column was completely rit,^^ 
and neither antero-po.sterior nor lateral movement was possible. Kyplmsis 
scoliosis was present in some cases. The costo-chondral junctions appeared to 
ossified. There were bony outgrowths at the tendinous insertions of .. 

muscles into the long bones. The edges of the ribs, especially the lower ou 
showed irregularitie.s due to bony outgrowths. The femora' in some cases « 
bowed laterally. 
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Joints, ligamenis, and tendons . — Limitation of movement and pain in joints 
were present ii\ all cases. Hip. knee, .shoulder, elbow, and amkle joints were 
especially affected. The lower part of the tendo acbilles was ossified in several 
cases. 

Muscular s^slem.— Generalised wasting of all the muscles was present in all 
cases, sometimes accompanied by pain on pressure. Part of this, as in the case of 
the intercostal muscles, may have been a disuse atrophy. 

Nervous system. —Mental' condition and speech in all the cases were unaffected 
and the cranial nerves normal. The tone of tlie muscles was poor. The knee- 
jerks in most of the cases were exaggerated. The plantar reflex was flexor except 
in the two most advanced cases in which it was extensor. The abdominal reflexes 
were unimpahed or even brisk except in these two cases, in which they were lost. 
These cases also showed marked ankle clonus. 

There was some diminution in pain and thermal sensation in several cases. 
Thermal sensation was lost over the lower extremities in the two most severe cases. 
Tactile and vibration sense was also lost over the same area and in these two cases 
there was also loss of sphincter control. 

Endocrines . — Nothing abnormal was noted. 

Sexual functions.— Tnese were normal in the earlier stages, impaired or 
completely lost in the later. 

Opldhahnoscopic examination . — ^No characteristic changes were noted. 

Special investigations. — Blood. Bleeding time and coagulation time revealed 
nothing of note. There was a slight degree of ansemia in most of the cases as 
revealed ’by blood counts and hemoglobin percentage. Differential counts were 
not distinctive although some cases showed a high eosinophile count. Faces. 
Three of the cases showed ova of ascaris on a single examination. 


Badiological findings. 


General radiological picture. 

N early the whole skeleton of each of the ten patients under observation was 
radiographed. For purposes of description the cases may be graded into three 
radiological groups based on the progression of bony changes which was found to 
correspond closely with the clinical severity and duration of the disease. Among 
the cases examined, there were no representatives of the early stages of intoxication 
and it is probable that these would yield little radiological evidence. 


The first and earliest cases of the ten examined formed a group showing chano’es 
in the cancellous tissue of the bones, especially those of the trunk, viz., spine. peMs, 
and ribs. These changes took the form of increased density of bone with exaggera- 
tion of the trabeculation and diminution of the medullary area. The bones affected 
in order of frequency were spine, pelvis, ribs, os calcis, ends of long bones, shafts 
of fibula, tibia, radius, ulna, femur, metacarpals, and carpals. 

The second group shows a groat exaggeration of the changes noted above The 
density ot cancellous bone is greatly increased and the trabeculation is still more 
pronounced. The outlines of bones, such as the vertebr® and pelvis, stand out 
clear-cut and dense and the spinal ligaments show early calcification changes. The 
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Group III — late cases. 

Bones of trunk. 

[a) S^iiuc . — The interspinal lijiunients, especially the anterior, are uniformly 
calcified. 

The vertebra) appear very dense and osteophytie outgrowths from pedicles 
and lamina) are pre.scnfc in all regioms of the .spine. 

In one case, in the dorso-himbar region, there is difi'iisc bony infiltration into 
the lumen of the spinal canal. There is complete bridging over by bone of the 
spaces occupied by s the intervertebral di.scs in the mid-dor.sal and dorso-lunibar 
regions so as to make the spine a rigid bony column. This is accompanied by 
some rotation of the vertebrie. 

{b) Ribs. — These show marked osteophytie growths, chiefly directed down- 
wards from the lower margins, simulating the eft'ect of dependent icicles. 

(c) Pelvis. — The pubic, trochanteric and acetabular areas, the crest ot the 
ileum and the bony pelvis all show extreme density and osteophydic outgrowths. 
The sacro-iliac joints arc completely synchondrosed. 

In some cases, the lower outlet to the pelvis appears to be almost completely 
bridged by osteophytie outgrowths. 

Long bones. 

These show the changes already described in the preceding groups but in an 
enhanced degree, the osteophytie growths and calcification being definitely related 
to ligaments, tendinous insertions of muscles, and interosseous membranes. 

Other bones. 

The remarks made with regard to the long bones apply equally here. 

Skull. — The skull in no case throughout the series shows any definite or 
characteristic changes. 


Biochemical investigations. 

These were limited to examinations of the blood and urine. While it 
be said that the investigation yielded any results of special interest, with t e 
possible exception that fluorine in unusual concentration was demonstrated m 6 
urine, yet the records of such examinations in chronic fluorine intoxication 
few in the literature that we have considered it advisable to give the results m u 
detail. The biochemical investigations were handicapped as regards investiga ion 
of the amounts of fluorine in blood and urine by the want of any well-establisne 
and proven methods of estimation and we, therefore, give our findings wdth som 
reserve until more exact quantitative methods are devised. ^ 

The various estimations carried out and the methods employed are no ec 
below while the detailed results are given in the tables which follow. 

Blood. 

Blood sugar. — This was estimated by a modified Bolin’s method. The 
fell within normal limits in six cases, above in two and below in two. The averiio 
figure was within normal limits. 









Plate XIV. 




Plate XV. 






Dorso-lumljar region of spine showing osteophytio outcrowths of transverse processes and rib-' 




Plate XVI, 



Dorso-lumbar region and neh ~~ — 

spaces, osteophytic outf>ronths fmn ‘‘alcification of mtersninal 1. 

pelvis IS completely bn\.e.l by osteopby tmToVr™ an°d Tot Tb" Wr onto" 



Plate XIX. 




J* Jg. J I . 

Fig. 10, foot and ankle. Shows calcification of tendo achilles and iiiegularities aiound 

03 calcis. A partly calcified guinea-worm is also shown, internal to the achilles tendon, j 
radius and ulna uith elbow and urist joints. Shows marked osteophytic outgrowths from ram 
ulna along mterosseous membrane. 
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Serum cakium.—Tbis was estimated by Clark and Gollip’s modidcation of 
Tisdall’s method. In five cases, the figure for serum calcium was above normal 
limits, in two below and in two within normal limits. The average figure was 
slightly above the normal upper limit. 

Serum inorganic pliosphaie . — This was estimated by Tisdall s method. In 
five cases the figme was wdthin and in four above the normal limit. The average 
figure was slightly above the normal upper limit. 

Serum phosphatase. —Tihis was estimated by Kay’s method. The figure in 
five cases w’as above the normal limit and in five within normal limits. The 
average figure was above the normal upper limit. The high calcium and phosphorus 
content and the high content of serum phosphatase would appear to indicate 
conditions favourable to the deposition of bone and general calcification and this is 
borne out by the radiological findings alread}' described. 

Serum magnesium .— was estimated by Denis’s method, using Tisdali’s 
method for estimating phosphate. The figure iti all cases fell within normal 
limits. 

Serum sodiim.—This was estimated by Butler and Toothill’s modification of 
Barber and Kalthoff’s method. In three cases the figure was above the normal 
upper limit, as was the average for the four cases in which it was estimated. 

Serum potassium . — This was estimated by the method of Breh and Gaebler. 
In two cases, the figure was within normal limits and in two above. The average 
of the cases was above the normal upper limit. 

Urine. 

Renal function . — ^Reual function was tested by determination of the filtration 
rate, blood urea clearance, mric acid clearance, and chloride clearance. 

{a) Filtration rate . — This was determined without the administration of 
creatinine by the mouth by the method of Medes and Berglnnd. In six cases, the 
filtration rate was below the norma! lower limit and in three cases was within normal 
limits or above. 

(b) Blood urea clearance . — This was estimated by van Slyke’s method. 

In all the cases the figures were below the normal lower limit and in some 
very much below this limit. The filtration rate and blood urea clearance 
values show that, in the majority of the cases, kidney function is impaired, in 
some markedly so. ’ 

(c) Unc acid clearance. | These tests were carried out on the same basis as 

f the test for blood urea clearance but tbeir exact 

{dj G/ilonde clearance. J significance is not known. 

(e) Blood urea . — This was estimated by van Slyke’s method. 

if) Urine urea. This was estimated by the Hypobromite method. 

[g) Uric acid.— This was estimated by Folin’s method. 

(h) Chlorides.— These were estimated by Whitehoni’s metliods. 

({) Creatinine.— This was estimated by Folia’s method. 

The details of all these tests are given in the accompanying tables. 
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Fluorine in blood and urine. 

The method used in cstiuuitinir fluorine in blood and urine was the Zirconium 

o 

nitrate-sodium alizarin sulplionate indicator metliod. As previously stated, our 
results in these estimations are j^iven with some reserve. 

Urine. — In six cases the amount of fluorine in the urine was much above the 
normal figure. 

Blood. — 111 only three cases was fluorine demonstrated in the blood. 


Table I. 


Blood sugar and blood cholesterol in chronic Jluorine ‘poisoning. 


) 

Serial 

number. 

c 

Niimc, etc. 

Blood sugar, 
mg. per cent.. 

Blood cholesterol, 
mg. per cent. 

I. 

Pulipadu Koti Reddi, male, 25 years 

79-5 

159-0 

II. 

Pulipadu Badull Sahib, male, 35 years 

95-0 

159-0 

III. 

Baptistpalam Thirupala, male, 30 years 

107-3 

175-5 

IV. 

Katur Venkitasubbayj'a, male, 45 years 

68-8 

167-2 

V. 

Pulipadu Kondigadu, male, 45 years . . 

136-0 

174-8 

VI. 

Desari Pichi, female, 45 years 

82-6 

165-0 

VII. 

Pulipadu Guru Vayya, male, 46 years 

143-3 

152-2 

vm. 

Desari Venkita Gadu, male, 40 years 

107-7 

168-4 

IX. 

Katur Venkitasubbamma, female. 35 years 

68-0 

223-2 

X. 

Parvatipuram Venkitasubbayya, male, 38 years . . 

102-6 

130-5 


Average 

99-08 

167-48 
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Table II. 


Serum calcium, ■phosphate, phosphatase, magnesium, sodium, and potassium. 


Serial 

number. 

1 

1 

i 

Name, etc. 

1 

1 

1 

Serum calcium Ca, 
per cent. 

o 

s 

o 

.S 2 

1 o 

S ^ 

3 2 

1 

1 

i 

X 

'5 1 

o 

GO 

a 

OQ 

2 

fl 

3 S 

o 

1 ^ 

Serum magnesium, 
mg. per cent. 

Serum sodium, mg. 
pier cent. 

1 

I. 

! 

Pulipadu Koti Reddi, male, 25 j 
years 

12-7 ; 

1 

I 

; 4*8 

60-95 

1 

i 

' 0-16 

2-16 


II. 

1 

Pulipadu Badull Sahib, male, 35 
years . . « 

8-4 

1 

58-80 

0-15 

2-13 

• • 

III. i 

1 

t 

1 

Baptistpalam Tliirupala, male, 30 
years 

9-9 

1 4-2 

41-58 

0-32 

2-27 

j 

IV. ‘ 

1 

1 

Katur Venkitasubbayya, male, 45 

years . . . . . . ' 

No serum. 

. . 

0-18 

. . 

i 

V. 

Pulipadu Kondigadu, male, 45 years 

I 11-9 

! 

1 3-61 

42-95 

1 0*55 

1 

1-88 

•• 

! 

VI. 

1 

Desari Pichi, female, 45 years 

1 

8-3 

> 6‘5 

53’95 

i 

0*17 

1-94 

1 

1 

1 

353 

VII. 

Pulipadu Guru Vayya, male, 45 
years 

11-9 

! 

1 

3-68 

43-78 

0-40 

1 

1 

1-52 

1 

1 

342-6 

WII. 

Desari Venkita Gadu, male, 40 
years 

t lOo 

1 

1 

4*5 

1 47-25 

0-13 

1-48 


IX. 

Katur Venkitasubbamma, female, 
35 years 

12-7 

i 

1 5-67 1 72-01 

0-31 

2-62 

i 386 

X. 

Parvatipuram Veukitasubbayj'a, 

male, 38 years 

1 

' 13-3 

1 

5-9 

1 

78-48 

' 

0-29 

2-63 

1 

1 

324-9 


Avesage 

f 

1 

j 11-07 

1 

J 

( 

1 5-09 

t 

1 

55*53 

t 1 

1 

0-266 

2-07 

351-6 


29-4 


16-9 


21-9 

47-9 


29-02 


Scrum polnssium, 
mg. per cent. 


Kidney efficiency tests. 
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Table IV. 


Serial 

number. 


I. 


II. 


m. 


IV. 


V. 


VI. 


vn. 


Fluorine in blood and urine and qualitative exaniimtion of urine. 


Name, etc. 


Pulipadu Ivoti Reddi, 
male, 25 years 


Pulipadu Badull Sahib, 
male, 35 years 


Baptistpalam Thitupala, 
male, 30 years 


Katur Venkitasubbayya, 
male, 45 years 


Pulipadu Kondigadu, male, 
45 years 


Desari Pichi, female, 45 
years 


Pulipadu Guru Vayya, 
male, 45 years 


Fluorine in 
blood, mg. 
per cent. 


Fluorine in 
urine, mg. 
per cent. 


1-80 


1-80 


1-85 


1-58 


1-80 


Urine. 


1-65 


4-08 


Albumin. 

Sugar. 

Micros. 

Albumin. 

Sugar. 

Micros. 

Albumin. 

Sugar. 

Micros. 

Albumin. 

Sugar. 

Micros. 

Albumin. 

Sugar. 

Micros. 

Albumin. 

Sugar. 

Micros. 

Albumin. 

Sugar. 

Mioros. 


Qualitative. 


Nil. 

if 

Nothing abnormal. 

Nil. 


Bladder Bpith. and 
calcium oxalate. 


Nil. 

if 

Triple phosphate. 

Nil. ■ 

it 

Nothing abnormal. 

+ 

+ 

Bladder Bpith. and 
calcium oxalate. 

+ 

Nil. 

Nothing abnormal. 

Nil. 

Trace. 

Much Bpith. debris 
and leucocytes. 


J, MR 
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Table IV — concld. 


Serial j 
number. , 

1 

. 1 

Name, etc. 

Fluorine in ^ 
j blood, mg. ; 
[ per cent. 

Fluorine in 
urine, mg. 

1 per cent. 

! ! 

1 

1 . 

1 Urine. 

j 

Qualitative. 

1 

VIII. 1 

De.sari Venkita Gadu, 
male, 40 years 

i , 

1 

1 

' 1 

Albumin. 

Sugar. 

j 

lYiL 

tf 

1 

1 


1 



Micros. 

1 

Triple phosphate and 
bladder Epith. 

IX. 

Katur Veukitasubbamma, 
female, 35 years 


! 

1-35 ■ 

' ! 
1 

j 

Albumin. ] 

j 

Sugar. 

1 1 

.Yi7. 

tf 






^licros. 

1 

Amorphous debris. 

X. 

Parvatipuram Venkita- 
subbayya, male, 38 years 

1 

1 

1-50 ■ 


Albumin. 

Sugar. 

Nil 

ft 



1 



Micros. 

j 

Triple phosphate. 


Summary. 

1. Ten cases of clironic fluorine intoxication liave been investigated, clinically) 
ladiologically, and, as regards blood and urine, biocflemically. 

2. The clinical picture is described and relates chiefly to disabilities caused 
by calciflcation of ligaments, tendons and fasciae,; the formation of osteopliybc 
outgrowths of bone and the nervous effects of mechanical pressure by encroaclnnen 
of bone on the spinal canal. 

3. The radiological findings show excessive calcification of tendons, ligaineifls 
and fasciae, the production of osteophytic formations from various bones, and tne 
almost complete synostosis of various joints, especially those of the vertebra 
column. These give the clue to the clinical findings. 

4. The biochemical estimation of serum' calcium, inorganic phosphate, an 
serum phosphatase indicates a favourable condition for abnormal deposition o 
bone. 

5. Kidney function in the majority of the cases is impaired. 

6. The urine contains amounts of fluorine much above the normal upper 
limit. 
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During our study of tFe vibrios it has become increasingly clear that the 
medium in which they are grown has a profound effect both on the quality and on 
the quantity of the vibrio polysaccharide. This finding has now been investigated 
in some detail by culturing a given strain on a number of media, and preparing 
the polysaccharides by a standardized technique. The present paper reports the 
comparative serological and chemical study of these preparations. 

METHOD.S. 

The vibrio strain chosen for these experiments had been found to give good 
yields of polysaccharide in previous work. It belonged to chemical group VI, and 
contained protein I and polysaccharide III (Linton, Shrivastava and Mitra, 1935). 
It was grown for about 72 hours at 37°C. in 21 litres of each of the following media, 
which had a pH of 8'0 before the final filtration and autoclaving : — 

1. Merck’s peptone, 10 g. ; NaOl, 5 g. ; distilled water, 1 litre. 

2. Bactopeptone, 10 g. ; NaCl, 5 g. ; distilled water, 1 litre. 

3. Papain digest mutton broth, 1 litre (containing 1 per cent oxidizable 
matter) ; NaCl, 5 g. 

I. INIutton infusion broth, 1 litre ; Merck’s peptone, 10 g. ; NaCl, 5 g. 

•L i'R ( 569 ) 


1 



570 


iSludies oil (he Specific Polijsacc/taridcfi of the Vibrios. 


o. 

1-(M g. 

C. 

7. 


1-7 


g- 

8 . 


I\rori‘k's_ pi'plunts JO g. ; Na^IlPO,., 12lIoO, 21-() g. ; MoPO^. -iH-O, 
; NiiCl, 5 g. ; distilled water, 1 litre. 

Identical with 5, and containing in addition 2 g. glucose per litre. 

i^Ierck’s peptone, 10 g. ; NaCl, 5 g. ; XalLPO.,, 211.0, 8 g. ; NaOH, 
distilled water, 1 litre. 

Identical with 7, and containing in addition 8 g. glucose per litre. 


PlUil'AU.VTlON Ol' 'rilK I’OLYSACCHAUIDKS. 

After 72 hours’ growth, phenol was added to the media to make a conceatration 
of 0'5 per cent and tlie culture flasks were well shaken and allowed to stand for 30 
minutes. The fluid was then freed of organisms by passing it through a Sharpies’ 
supercentrifuge, and the clear centrifugate reduced to one-tenth its volume by 
concentration iu vacuo at a water-bath temperature of about 55°G. The method 
then followed was sinular to that already published (Shrivastava and Seal, 1937), 
although it may be pointed out that minor modifications were sometimes necessary 
depending upon which medium had been used for growth and the concentration of 
the polysaccharide. ^Vhen media containing phosphates were used the amount 
of alcohol required to precipitate the polysaccharide from the concentrated fluid 
was between 1-25 and I'O volumes in the presence of 8 per cent sodium acetate and 
1-5 per cent glacial acetic acid, whereas without the phosphates two volumes or 
more of alcohol were required. On centrifuging after precipitation, t^ee layers 
were obtained. The top layer consisted of alcoholic supernatant, the middle layer 
was a solid precipitate containing almost all the polysaccharide, and the bottom 
layer was a syrupy deposit of phosphates. The middle layer alone was used, the 
others being discarded. It was taken up in 400 c.c. of water together with 16 g- 
of sodium acetate and 8 c.c. of glacial acetic acid and after being stirred jn a 
mechanical stirrer it was centrifuged. Usually one such extraction was enougb 
to dissolve out all the active substance from the crude precipitate in the mid o 
layer. The solution was precipitated with one volume of alcohol two or tlnee 
times, and the final precipitate was dissolved in 400 c.c. of water containing log- 
of sodium acetate and 8 c.c. of glacial acetic acid. Forty c.c. of chloroform auu 
4 c.c. of either n-butyl alcohol or amyl alcohol were added and the whole shaken m 
a mechanical shaker for one and a half hours and then centrifuged. The precipe 
bated protein was removed and the process repeated until the amount of promi 
falling out each time was negligible. Usually four to six such shakings 
necessary. Further precipitations with glacial acetic acid and alcohol fo owe 
and the final isolation of the polysaccharide was made by precipitating jt wi 
redistilled alcohol in the presence of sodium acetate, and wasliing it with redis i ^ 
alcohol followed by two washings with acetone. After filtering it under sue i 
it was dried in vacuo at 61 °C.. the boiling point of chloroform. 


Characteristics or the poeysacch.-irides. 

All the polysaccharides were free from glycogen, starch, and 
well as from protein, as shown by the biuret reaction. They gave a i 
reaction at a dilution of one million times. Tfie polysaccharides could f |..q 
divided into two classes, those showing homologous precipitin litres o se 



R. W. Linton, D. L. Shrivastava and S. C. Seal. 


571 


millions and those showing titres of only several thousands. The former on drying 
resembled matted fibres of dried filter-paper. They dissolved in water only with 
difhculty and gave solutions of high viscosity. The other group were amorphous 
polysaccharides on drying and gave a perfectly clear solution of no obvious 
viscosity. It is probable that this differentiation is bound up with the length of 
the chains of the molecules which make up the polysaccharide solution : when 
these are long, fibrous polysaccharides and viscous solutions are produced which 
have high serological reactivity ; where the chains are short, the dried polysac- 
charides are amorphous, do not form viscous solutions, and react less strongly 
with the antiserum. 

The chemical properties of these polysaccharides are compared in Table I, 
in which the data are arranged in the ascending order of their reactivity with the 
homologous antiserum in the precipitin test : — 


Table I. 


Chemical and serological properties of the polysaccharide of a vibrio strain grmvn 

on various media. 


Number. 

Medium 

number. 

yield per 
litre, mg. 

Ash, 

per 

cent.* 

.Specific 

rotation, 

[afot 

N, per 
cent .I 

Acetyl, 

per 

cent.f 

Maximum 
hydrolysis, 
per cent.f 

Homologous 

precipitin 

titre. 

1 

8 

1-8 


4’ 

60-1 

0-81 


53-0 

2'4 X 10" 

2 

3 

5-1 


■f 32-6 

1-85 

5-5 

41-0 

9-6 X 103 

3 

'6 

1*8 

1 


■4- 

75-0 

0-83 


70-0 

1-9 X 10* 

4 

3 

■ 4-8 


4* 

6-3 

2-65 


46-0 

1-5 X 10“ 

5 

2 

3-4 



j 

0-21 


43-2 

6T X 10“ 

6 

1 

30 


■f' 

.581 

1-15 


.57-0 

2-5 X I0» 

7 

5 

3-2 

5-9 


02-6 

1-81 

8-5 

.5G'7 

4-0 X 10» 

8 

7 

9-1 

6-0 

-r 

46-8 

3-28 

13-4 

G9-9 

8-0 X 10" 

9 

1 

8-2 

0-8 

-f 

,o6-0 

3-40 

9-9 

62-6 

10-0 X 10" 

10 

1 

14-1 

7-S 

+ 

.58-0 

2-G2 

8-3 

62-2 

12-0 X 10" 

11 

4 

16-4 

.Tg 

+ 

.530 

3-16 

12-8 

G5-8 

16-0 X 10" 


The 


* As Xa„0. t Calculated on an ash-iiee basis. 

Hydrolysis was carried out in N/1 H„SO, in sealed tubes in the boiling water-bath, 
estimations of reducing substance were made by the Hagedorn and Jensen method and are 
expressed m terms of glucose. “ 

used in these e.xperiments has in general opaque colonies when grown on agar 
plates. Occasionally however, a transparent colony appears. Preparation No. 2^was obtai^d 
from the growth of such a colony and is somewhat less active serologically and has a different 
specihc rotation than the opaque strain grown in the game medium (preparltion No. 4). In the same 
way, preparation N^o. G represents the groivth of a transparent colony. Md has given a much Lai W 
yield than preparations Nos. i> and 10 which are from op^ue colonief on the aanm mLinS"^ 
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Sltidicii OH' the Specific Polijsuccliui'ides of the Yibrios. 


PolysiiccharulL* yield is best, in j)lain mutton intusion broth with peptone 
(No. 1), l)otli in (|uantit.y and in ({ualit}', as shown by tlie precipitin titre. Next 
in order arc Merck’s peptone alone (No. 1), and IMerck s peptone with NaOH- 
3)hosphate buftor (No. 7). The doul)le j)hosphate buffer with j\rerck s peptone 
(No. 5) gives a poor yield, although the reactivity of the product is high, ^^ith 
media Nos. 6 and 8, which are identical with Nos. 5 and 7, respectively, except that 
they contain 0'3 jjer cent glucose, both the rjuality and the cpiantity of polysaccha- 
ride are much reduced. "With i)actopeptone (No. '!) only a small amount ot 
moderately active jjolysaccharidc is 3)ro(luced, and with papain digest broth (No. 3) 
somewhat larger amounts of 3)oor precipitating ])Ower are found. 

Since the antiserum is capable of reacting with the polysacchari(k dilutions 
up to 16.000,000, it is clear that reactions of only several thouspcls are to be regarded 
as practically negative, and in these experiments low yield was in general accompanie( 
by low reactivity. That the two are not entirely correlated is shown, however, 
by some unpublished work in which relatively large amounts of inactive po j sacc la 
ride were obtainable from other vibrio strains. 

It is interesting to compare the yields of polysaccharide with the age of the 
strain. For example, experiment No. 10 in which a yield of 14*1 mg. per 
obtained was done a year earlier than experiment No. 9 in which 
only 8‘2 mg. per litre, and accordingly between the two experiments the s > ^ 
had undergone a year of artificial cultivation, and it is possible that 
continued artificial cultivation lessens the strain’s capacity to produce , 

ride. We have noted that some other old strains show only very small am 


of specific substance. 

The figures for ash, which average about 6 per cent expressed as 
rather high, but Were not unexpected as the polysaccharides were isolate a 
sodium salts. In the highly reactive polysaccharides the specific rota . 
between + 53’0° and 62’0°. With the less active polysaccharides 
are irregular. In the active polysaccharides nitrogen appears to be about 6 
In earlier work this figure was found to average about the same, and it was 
that in all types of vibrio polysaccharide some of the nitrogen was presen 
amino form, that is, it formed an integral part of the polysaccharide 
(Linton and Mitra, 1936). In general, the preparations having low 
have low^ precipitin titres as well, and this may indicate again that a par 
of the total nitrogen is essential for the existence of an intact and hignly 
polysaccharide. ' . . . , The ««« 

The sigmficance of the figures for acetylation is not yet clear. 
for percentage acetylation are higher than those previously obtained (i^in 
Mitra, loc. cit.), as the polysaccharide now being prepared is in a state ji 

approaching that in which it exists in the vibrio. A study is being 
possible correlation between the amount of acetylation and the se o 
reactivity of the polysaccharide. , 

In the first four preparations in Table I the presence of acids 
media may have been the cause of the inferior vdelds and reactivi m -pj 


lueuia, may uave oeen tne cause ot the interior yieias anu 
polysaccharides. Some unpublished experiments have shown that 
are strong producers of both volatile and non-volatile organic pidk} 

media. In unbuffered solutions of glucose, they are able to increase i 
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a huudredfold in three or four hours. The volatile acids consist of about equal 
quantities of formic and acetic acids, and the non-volatile acids have not been 
wholly identified, although there is a strong probability that lactic is one of 
them. Variations in acidity during growth of the vibrio in the various media 
used in this work have been followed, and the results have been given in 
Table II 

Table II. 


Changes in pH brought about by a vibrio strain in various media. 



Start. 

6 hours. 

24 hours. 

48 hours. 

72 hours. 

1. Merck’s peptone 

7-6 

7-28 

7-68 

7-95 

8-14 

2. Bactopeptone . . 

7-8 

7-38 

7-69 

7-97 

8-24 

3. Papain broth . . 

7-62 

7-07 

7-08 

7-02 

7-03 

4. Broth and peptone 

7-56 

7-07 

7-G6 

8-22 

8-43 

5. Peptone and double phos- 
phate buffer. 

7-8 

7-79 

7-80 

7-9 

8-03 

0. Ditto with glucose 

7-6 

C-81 

G-20 

6-24 

6-28 

7. Peptone and NaOH-phos- 
phate buffer. 

7-85 

7-78 

7-9 

8-07 

8-19 

S. Ditto with glucose 

7-5 

6-62 

6-01 

6-02 

G-09 


In all the media there is an increase in acidity during the first six hours of 
growth. Except in three instances, however, acidity has again been lessened at 
the 24-hour period, and at 48 and 72 hours the acidity is definitely lower than it 
was in the original media previous to inoculation, due to the formation of ammonia 
from the peptone. In media Nos. 3, 6, and 8, however, the acidity does not become 
less after six hours but goes on increasing until it reaches a constant level. The 
first of these media contains considerable muscle sugar, and the other two contain 
glucose, and it is precisely in these media that the polysaccharide is lowest both 
in quantity and quality. The final acid increase is about 5 times in the papain 
broth and from 12 to 15 times in the media containing glucose. It is highly prob- 
able that this considerable increase in acidity^ has a deleterious effect on the 
polysaccharide, uhich we know to be a labile complex. 

It should also be pointed out in this connection that the amounts of growth 
obtained are not apparently different in any of the media. All gave heavy growth 
111 24 hours, and did not increase very much thereafter. Nor diet the agglutmation 
test vary accorcbng to the medium and the amount of precipitin activity of the 
polysaccharide, but m each case the strain agglutinated to titre with the homologous 
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Studies on the Speeijio Folt/sacclui rides uf the Vibrios. 

Discussion. 

From the data we have presented it is evident tluit the tviie of medium used 
has a profound effect on the production and character of the specific polysacchand . 
W brUeve that it is possibl^ to rule out the effect of technique as t^ cause du 
variation. The method has been uniform tlu-oughout in all 
in no case were drastic methods of heating or 

acids used, which might account for loss of activity and }neld m some 
preparations. . ^ 

Glucose fermentation appears^ to be the principal factor at wot' 
yield and serological activity. The active production ^ ®i i njinas about 
glucose which is a marked feature of yibrio "^‘"fabohsm piobc^ly^b_^^„_^^^^^.^^ 
chanf’-es in the polysaccharide, which either break it dov n o 
impossible with present methods. In either case it also 

saccharide undergoes changes which lower its ac^ 

be pointed out that the results given in this the reactivities 

"rowth are standardized, comparisons of polysacchaiide y 
of different strains are without much significance. 


Summary. 

A vibtio has been grown on 


xi. Viuriu Utia uccja UJ-utvii. v-ax — 1 , O „„ qI ai 

prepared from the clear centrifugate by a method m ^ avoided, 
mineral acids, and other drastic means of preparation are carefully 

The polysaccharides from different media differ P^Tfi (,i, they were 

properties as well as in their reactivity m the precipitin ^ ® homologous 

dl derived from the same organism and tested against the same 

sGruTH. ^ . T • 

The poorest yields and the least active polysaccharides were 0 acids 

containing glucose, and it is suggested that the active produ 
in such media may account for the results. 

Polysaccharide prepared from growth in Pest^rS^^ 

1 per cent Merck’s peptone gave the best yield „ Ap. 

16‘4 mg. per litre and a reaction at a dilution of 1 : io.uu ), 

The pH determinations in Table II Avere done with a „ gdiool of 

by Mr. S. N. Mukerji, m.sc., of the Department of Pharmacology oi tu 
Tropical Medicine, Calcutta, to whom our thanlsS are due. 


references. 

LiNTOK, R. W., and Mitba, B. N. (1936) hid. Jour. Med. Bes., 24, p. 32| 
Linton, R. W., Sheivastaa^a, D. L., and Ibid., » 


IiIlTRA, B. N. (1935). „ D- 7 , Metl 36. P 

Surivastava, D. L., and Seal, S. G. (1937) Proa. Soc. Exper. Biol. .0 •> 


. 157 . 



hid. JoiiT. iSlcd. Rc^’j 25» 3, January, 193S 


CHEMICAL AND SEEOLOGICAL VAEIATION IN 
SINGLE-CELL CULTUEES OF VIBRIO CHOLERA 
AND DELATED OEGANISMS. 


BY 

R. W. LINTON, pli.B., 

S. G. SEAL, M.B., 

AKD 

B. N. MITBA, Ph-B. 

{Cholera Inquiry, Indian Research Fund Association ; All-India Institute of 
Hygiene and Public Health, Calcutta.) 


[Received for publication, September ], 1937-] 


In oui previous comm\inicatioiis (Iluton, Sluivastava and Mitra, 1935 ; 
Linton, Mitra and Seal, 1936) we have indicated the fom ways in which we have 
observed the vibrios and vibrio strains to vary, namely, by loss or gain in the 
proportions of a constituent (as in the smooth-rough transition), by the complete 
replacement in a cell of a constituent part by another of a different chemical 
constitution, by the presence in a strain of organisms possessing more than 
one type of chemical structure, in which case the variation consists in changes 
in the proportions of the two constituent organisms, and finally by changes 
in the smface electric charges. Although we have found variation from one 
to another of the six chemical groups to be of fairly frequent occnrrence under 
laboratory conditions, we could not be sure, when working with strains isolated 
in the ordinary way, that we were not dealing in every case with cultures 
originally mixed and in which the common phenomenon of replacement of one 
type by the other was not occurring. In order to avoid this difficulty we 
have now studied variation in cultures descended from single cells, and it has 
been found that the same shifts in the chemical groups occur in these as in 
the cultures preMously studied. The purpose of this paper is to present 
these results. 

( 575 ) 
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VariLitloti in Siiujlc-CJell Callin'ca of Vibrio cliolerte. 


ilHTIIOO. 

Single-cell cultnres of the two strains, Kangoon Smooth and Rangoon 
Eough (2), were kindly isolated for us by i)r. C. G. Pandit of the King Institute, 
Madras, by the micro-pipette method, and strain X (1) \\as isolated in Shillong 
by the same method. We have isolated two single-cell strains, 1617 and Inaba, 
by the darkground illumination method described by Topley, Barnard and 
Wilson (1921) and used by one of us in work on the vibrios (Seal, 1937). The same 
results have been obtained with strains isolated in either way. 

The general methods used for isolating vaiiaiits from these cultures are out- 
lined in Table I. The essential part of the method was to make repeated streak 
cultiu’es, picking up in each case the colony or portion of the colony showing the 
characteristics desired, these being roughness in the case of the Rangoon Snaootb 
culture and smoothness in the case of the Rangoon Rough (2) culture. In addition, 
the partially rough variant of the smooth culture was passed repeatedly through 
10 per cent ireptonc water and the partially smooth variant was passed likewise 
through 0'5 per cent glucose broth for ten days, as previous experience had shown 
that these methods are very useful in bringing about the desked transitions. 

Table I. 

Mode of derivation of cuUurev from vinylc-cell strains of Rangoon Smooth. 

llangoou yuiooth* 

(streak cultures) 


Raugooi) fcimdotii (I) Kangoon fcJinooth (’ 2 ) Kangoon Smooth (3) 

(streak cultures) 


Kangoon Smooth (la) Kangoon Smooth (3a) 

(streak cultures) 


Kangoon Smooth (SaK) Kangoon Smooth (3 

(10 per cent peptone water) 


Rangoon Smooth (3aR,) Rangoon Smooth (3aKj) 

* 1 ho characteristics of these two strains are oom]iaietl in Table 11. 
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Table I — concld. 

Mode of deriualio 10 of cultures from siiujle-cell strains of Rangoon Rough (2). 

Bangoon Bough (2)* 

(streak cultures) 


Bangoon Bough (2)a Bangoon Bough (2)b 

(smoother colony) (rugose colony) 

(streak cultures) 


1 I 

Bangoon Bough (2)aB Bangoon Rough (2)aS 

(10 daily transfers in 0-5 per cent glucose broth) 


Bangoon Bough (2)laB Bangoon Bougli (2)laS 

(streak cultures) 


Bangoon Bough (2)B Bangoon Bough (2)y* 


* The characteristics of these two strains are compared in Table II. 

Rangoon Smooth showed the following changes during these passages. After 
several transfers on 3 per cent nutrient agar the single-cell culture gave rise to three 
kinds of colonies — a smooth form, a mixture of smooth and rough forms, and a form 
showing a fairly strong tendency toward the rugose type. In the latter, the colonies 
were made up of smooth and rough sectors. The rough portion was isolated and 
streaked and this process was repeated daily for several days until the colony no 
longer gave any visible smooth growth. At this time, it had become inagglutin- 
able with Rangoon Smooth antiserum. In order, however, to remove the last 
traces of smooth growth and to stabilize the colony, it was passed through 10 per cent 
peptone water for several days. 

The process of deriving a smooth variant from the rugose single-cell culture 
of Rangoon Rough (2) was much the same as in the other case, except that 0-5 per 
cent glucose broth cultures were used toward the end. A strain was finally 
obtained which was inagglutinable with Rangoon Rough (2) serum but was agglu- 
tinable with Rangoon Smooth antiserum, and was indistinguishable in appearance 
from Rangoon Smooth. 

Variants from the single-cell cultures of strains 1617, Inaba and Shillonv X (1) 
were derived by the same technique. The cultural and biochemical changes broimht 
about in tliftRo, strains am given in Table II : ° ^ 
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Variation in Singlo-Cdl Cultures of Vibrio cliolerse. 


Table 



‘ Ramioon S.MOOTU S1.SC11.K Cell.’ 

‘ Rangook Kougu ( 2 ) Saw 
Cell.’ 


‘ II. S. S. C. ’ 
original. 

‘ It. S. S. C. ’ 
(llaR,). 

‘ R. R. (2) S. C. ’ 
original. 

‘R.R.(2)S.C.S.’ 

Colonicif on agnr . . 

Smooth, tians- 
luceut. 

Rough, ojiaque. 

Dry, rugose. 

Smooth, trans- 
lucent. 

Morphologj’ 

T y j) i c a 1 aiul 
short forms. 

Slightly longer 
a n li t h i n 
curved form. 

Thick s in a 1 1 
rods, almost 
bacillary 
shape. 

Typical but 
thin. 

Flagella 

Single terminal. 

Single terminal. 

Single terminal. 

Single terminal. 

Motility 

Actively motile. 

Actively motile. 

Actively motile. 

Highly motile. 

Peptone water, 24 hourH’ growth 

Uniform t u r- 
bidity, faint 
pellicle and 
no deposit. 

Thin turbidity, 
thick pellicle 
and deposit. 

Thin turbidity, 
tliick pellicle 
and deposit. 

Uniform tm- 
bidity, thin 
pellicle ttuo 
no deposit. 

Indol reaction 

Positive. 

Positive. 

Negative. 

Positive. 

Reaction with Millon’a reagent 

Sr. 

R. 

R. 

Sr. 

Sugar fermentation reaction 
(Heiberg). 

I 

I 

V 

I 

Proteolysis (gelatin) 

Positive (si.). 

Positive. 

Negative. 

Positive (b 1 -)- 

HiBmolyUc power (sheep cells) 

Negative. 

Trace. 

1 

Trace. 

Negative. 

Salt stability (physiological 
salt solution). 

' 

1 

Stable. 

Unstable (par 
tially). 

Unstable (par- 
tially). 

Stable. 
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II. 


1617 ‘ Single Cell 


Inaba • Single Cell 


‘ Shillong X (1) Single Cell. ’ 



1617 ‘S. C.’ 
original. 

1617 ‘S. C. ’B. 

Iiiaba ‘S. C. ’ 
original. 

Smooth, trans- 
lucent. 

Rough opaque. 

Smooth trans- 
lucent. 

Typical hut 

slightly short. 

Long and thin 
form. 

Typical but 

phort. 

Single terminal. 

Single terminal. 

Single terminal. 

Actively motile. 

Sluggishly 

motile. 

Motile. 

Uniform t u r- 
bidity, thin 
pellicle and 
no deposit. 

Very thin 
growth, thick 
pellicle and 
slight deposit. 

Uniform growth, 
thin pellicle 
and no de- 
posit. 

Positive. 

Positive. 

Positive. 

S. 

R. 

S. 

I 

II 

I 

Positive. 

Positive. 

Positive. 

Negative. 

Trace. 

Negative. 

I Stable. 

1 

1 

Unstable. 

Stable. 


Inaba ‘ S. C. ’ R. 

‘ Shillong X (1) 

S. C. ’ original. 

‘ Shillong X (1) 
S. C. ’ R. 

Rough, opaque. 

Smooth, trans- 
lucent. 

Rough, opaque. 

Short and tliick 
and long and 
thin forms. 

Tyjiical and 
short forms. 

Thin and long 
forms and 
chains. 

Single terminal. 

Single terminal. 

Single termi- 
nal. 

Motile. 

Sluggishly 

motile. 

Sluggishly 

motile. 

Thin growth, 
thick pellicle 
and deposit 
(3l.). 

Uniform t u r- 
bidity, thin 
pellicle and 
no deposit. 

Thin growth, 
thick pellicle 
and slight 
deposit. 

Positive. 

Positive. 

Positive. 

R. 

Sr. 

R. 

I 

I 

I 

Positive. 

Positive. 

Positive. 

Positive (si.). 

Negative. 

Positive (si.). 

Unstable, 

Stable. 

Unstable (par- 
tially). 
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Variation in Siiujla-Cell Cultures of V^ibrio cliolera. 
Cultural and riochu.mioal ciiancjks in variants dp:rived from 

S INGLE-CELL CULTURES. 

The most marked chauge oceurred during the variation of strain Eangoon 
Rough (2) to give rise to a smooth strain. The original single-cell culture had the 
characteristics of its parent strain : dry, rugose colonies ; thick pellicle formation, 
a deposit, and a clear central portion of the broth ; a negative indol reaction; 
fermentation of the significant sugars according to Heiberg’s group V ; and 
unstable both when heated with i\rillon’s reagent and in normal salt solution. The 
derived strain, on the other hand, grew in smooth, translucent colonies ; in broth 
showed the typical uniform turbidity and thin pellicle formation of the smooth 
vibrios ; produced indol ; fell into Heiberg’s group I in respect to sugar fermen- 
tation ; and was perfectly stable both to hlillon’s reagent and in normal saline. 

The other variants showed changes of the same kind, although they were not 
so complete as in the case of Rangoon Rough (2). 

Changes in chemical constitution. 

The changes which took jilace both in polysaccharide and protein constitution 
during variation are outlined in Table 111 : — 

Table III. 


Chemical compunitiou of original and variant ninglc-cdl vibrio straws. 


^ Protein. 

1 

Polysaccharide. 

Chemical group. 

r Original 

1 

Ill 

VI 

Rangoon Smooth . . • 




[ Variant 

JI 

1 and 111 

IV and V 

f Original 

11 

111 

V 

Rangoon Rough (2) . . J 




1 Variant 

1 

1 

I 

( Original 

I 

III 

VI 

1617 .. .. J 




Variant ^ 

11 

I and III 

IV and V 

f Original 

Inaba . . . 1 

1 

1 

1 

1 Variant 

11 

I and II 

III and IV 

/ Original 

I 

III 

VI 

Shillong X (1) . . 

1 Variant 

II 

I and ITT | 

IV and V 


For the differPiitiation of protein I and protein II, see Linton, Mitra and Sliriva.stiiva (193-*)- 
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From these data, it is evident that in eacli ease during variation the jjroteins 
have changed from one to the other type, as shown by their racemization curves 
(Linton, Mitra and Shrivastava, ] 934). In the case of strain Rangoon Rough (2) 
and its variant there has also been a complete shift in polysaccharide, the former 
containing the glucose type and the latter the galactose type. In the other cases 
the variants’ polysaccharides are mixtures of the originality present polysaccharide 
and a new one. In these latter instances it is possible that variation was still in 
progress and the derivative chosen belonged to a stage at which it was not yet 
completely shifted from one polysaccharide to the other. Further work on these 
cultures would probably have permitted the isolation of strains which had completely 
varied in respect to their polysaccharide structure. This assumption is supported 
by the evidence from serology given below. 

It is clear that starting with a single-cell culture having a given protein and 
polysaccharide constitution, it is possible to induce variations which yield a strain 
having a constitution of a different type, and the variant strain then falls into 
another chemical group. 


Variations in serological reactions. 

Agglutination reactions with homologous and heterologous antisera have been 
done at various stages of variation, and the results of some of these tests are shown 
in Table IV 


Table IV. 

Variations in -homologous agglutination litres during dissociation in single-cell 
cultures of the Rangoo^i strains. 



Rangoon Smooth 
serum (‘ H ’ and 
‘ 0 ’)• Titre 1 : 0.400. 

Rangoon Rough (2) 
serum (‘ H ’ and 
‘ 0 Titre I : 12,800. 

1 

Rangoon Smooth— 



Original 

0,400 ' 

0 

1 .. 

400* 

200 

.3 . . 

400* 

400* 

t3aBj) 

400 

0,400 

Rangoon Rough (2)— 



Original 

0 

12,800 

a . . 

0 

12,800 

laS 

' i.600 

i 

200 

s .. 

6,400 

0 


* Maximum dilution used. 
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Variation ia Single-Cell Cultures of Vibrio cholerte. 


VurkUioiis in alandard Inuba ’ 0 ’ licrum duriiuj dissocuilion in single-cell 

aitllitrcs of l/iii Ranejoun slrains. 



Inaba ‘ 0 ’ beruin. 
Titro 1 : 2.r)0O. 

Rangoon Smooth — 


Original 

2,000 

SaRj 

200 

Rangoon Rough (2) — 


Original 

0 

S .. 

2,500 


The numbers of the cultures in this table indicate the stage of 
according to the scheme in Table I. The results indicate that during 
there is a gradual loss of agglutinability of the two strains with their own 
and this change is paralleled by a gradual increase in agglutinability wi 
antisera of the other strain, until at the end of the process the position oi 
strains and their antisera has become reversed. The process with Eangoon 
(2) went completely to an end and its smooth derivative did not agglutina e a 
with the original antiserum. In the case of Rangoon Smooth the 
quite complete, and agglutination with the homologous antiserum sti o ’ 


but to only about 5 per cent of the titre. 

The same findings were made when the originals and derivatives were 
against the standard agglutinating Inaba ‘ 0 ’ serum. Eangoon Smootii 
tinates to titre while Eangoon Rough (2) is negative. In their 
on the other hand, the position is again reversed. Eangoon Smoot i l ‘ 
agglutinates to less than 10 per cent of titre, and Eangoon Rougi 
agglutinates to full titre. ^ 

The same general tendency is shown in the original and derived strains 
Inaba and 1617 (Table V). In this case the cross reactions of the two . 
also done, and show that with either serum practically the same result P '' ]2 per 
and the variant strains agglutinate to only a small fraction — 6 per cent o 
cent of titre. 
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Table V. 

Variations in agglutination Litres during dissociation in single-cell cultures of 
vibrio strains ‘ I naba' and 1617. 



Inaba serum 

1 : 6,400. 

1617 serum 

1 : 6,400. 

Inaba — 



Original 

6,400 

6,400 

Variant 

400 

800 

1617— 



Original 

6,400 

6,400 

Variant 

800 

400 


Discussion and summary. 

The work reported in this paper represents a further study of the basis of 
variation in the vibrios. The evidence in the case of the single-cell cultures indicates 
a chemical basis for the variations we have observed. IVe began in each case with 
a culture descended from a single cell and having a certain set of characteristics : 
biochemical, cultiual, serological ; and a certain chemical structure. At the end 
of the experiment, we had produced from this culture a new strain having another 
set of biochemical, cultural and serological characteristics, and a different chemical 
structure. It followed that the new strain fell into a different chemical grouj) 
than the old, and we wish tp emphasize strongly that all the characteristics of the 
new strain were similar to those of other strains in the chemical group into which 
it now fell. In other words, the changes in chemical composition, biochemical 
reactions, cultural and serological properties are correlated. 

It is of interest to note further that while the vibrios vary in this correlated 
way, they always remain within the framework of the six chemical groups found 
in our previous studies, that is, the framework of the two proteins and the 
three polysaccharides. IVithin these limits the powers of synthesis and variation 
are considerable but the organisms appear incapable of giving rise to anv other 
chemical constituents. The conception is that of a strictly limited capacity for 
transformation. ^ ^ 
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Varidtioti in Slnfilc-Cclf Cnllnrcs of Vibrio diolerte. 


Although almost nothing is known ahoiit I ho internal arrangements of tlic 
vibrios, it may ])erha])S be permissil>le to suggest that each of them possesses tlie 
enzymic e([uipment capable of synthesizing tlic various proteins and polysaccharides 
which are found in the whole group ; that during the course of synthesis and growth 
sometimes one and sometimes another of these constituents is formed; and that 
as a result of this shifting in the direction of synthesis a new type of organism is 
produced which gives rise to a strain dilTerent in character because it is different 
in chemical composition from the original strain. Since in the present experiments 
all the cells were descended from one cell, and yet were capable of giving rise to 
variants, it is dillicult to account for our ol)servutions on any other basis. 
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Takagi and Mubayama were the first to demonstrate serological t3rpes in 
F. cholercB by means of agglutination and absorption tests (Nobechi, 1933). 
Kabeshima (1913 — quoted by Takano et al., 1926 ; 1918) showed that the cholera 
vibrios isolated during the epidemic of 1912 in Japan were immunologically 
different from the vibrios isolated from sporadic cases occurring in Formosa in 
the same year, and designated these two types as ‘ original ’ and ‘ varied ’ 
respectively. Nobechi (1923) confirmed the presence of these two types and 
added a third which he called ‘ type intermediate ’. These observations were 
made before the differentiation of the heat-labile and heat-stable antigens of 
the vibrios of the cholera group by Balteanu (1926), Shousha (1931), Abdoosh 
(1932), Gohar (1932), and the demonstration of the non-specific nature of the 
thermolabile antigens by Shousha (he. cil.), Abdoosh (loc. cit.), Bruce-White 
(1934), the latter phenomenon beini^ confirmed by Gardner and Venkatraman 
(1935a), who demonstrated a great diversity of heat-stable ‘ 0 ’ antigens among 
101 vibrio strains which they examined. Gardner and Venkatraman also suggested 
that, as a working rule, only non-hssmolytic vibrios of their ‘ 0 ’ sub-group I 
should be accepted as true 7. cholerce. They further confirmed the presence of 
two serological tjqies within the classical sub-group (Gardner and Venkatraman 
1935a, h) and designated them as types ‘ Inaba ’ and ‘ Ogawa ’ after the type 
cultures received from Japan. 

Observations on the types of vibrios in relation to definite epidemics are 
scanty. A review of the Japanese work leaves one with the impression that the 
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‘Ogawa^ Tgjie of Cholera in South India. 


‘ original ’ or ‘ Inaba ’ type is associated with epidemic outbreaks and severity 
of infection and ‘ varied ’ or ‘ Ogawii ’ type witli sporadic cases and mild out- 
breaks. ]\Ianako (1933), however, records tliat 187 strains of cholera vibrios 
examined during the outbreak of cholera in i^Ianchuria in 1932 were for the most 
part of the ‘ varied ’ (Ogawa) type. 

Early in the course of a serological examination of strains of Y. cholera) isolated 
from different parts of the jMadras Presidency in 193G, it was noticed that all strains 
derived from Periyakulam taluJc of the INIadura district were of the ‘Ogawa’ 
type. The course of the epidemic in the Periyakulam health range was closely 
followed throughout the year 193G and vibrios were isolated at different periods 
and from the several villages of tlic range with a view to studying the relation of 
the type of vibrio to the nature of the epidemic. 

Periyakulam range is a small rural tract in the west of Madina district ivitli 
an area of about 400 square miles and a population of nearly 200,000. A part of 
it is hilly, but the greater portion lies in the plains and is freely watered by the 
tributaries of the Vaigai. This area was entirely free from cholera during 1933, 
1934 and 1935. While there was very little cholera anywhere in the district as a 
whole during 1933 and 1934 (32 attacks in 1933 and 9 in 1934), there were 2,116 
attacks in parts of the district other than the Periyakulam range in 1935. 

The first village in the range to report cholera was Melmangalam where, between 
20th January, 193^6 and 6th February, 1936, there were 16 attacks and 7_ deaths. 
Specimens from two cases were submitted for bacteriological examination and 
V. cholera), type ‘ Ogawa ’, was isolated from both. From Melmangalam the 
infection spread to the other villages of the range and the epidemic continued 
throughout the year with a break of three weeks in April, till the end of the year 
by which time nearly every village and hamlet had been involved. 

In 39 villages with a population of 181,668 there were 2,839 attacks and 
1,257 deaths from cholera during the year, giving an attack rate of 15-6 per nnllc 
and a death rate of 6-8 per mille. These figures have been the highest for several 
years, the mean annual mortality from cholera for 60 years ending W27 in t ie 
Madura district being below 2'5 per mille. Only in 6 years in this period has the 
mortality exceeded 5 per mille (Russell, 1929). The case mortality of U'37 must 
be considered a normal figure. The interval between the onset of symptoms and 
occurrence of death in fatal cases affords the only other criterion of severity avail- 
able in a field investigation of this kind. Four hundred and eighty-one deaths m 
23 villages were distributed as follows : — 


Table I. 


Day of death: — 

lat 

2nd 

3rd 

1 

4th 

5tb 

6th and 
after. 

Total. 

Number 

280 

146 

1 

20 

8 

5 

1 

1 

13 

4S1 


^ It will be seen that 426 out of 481 deaths occurred within two days, the pe 
m most cases being less than 24 hours after the onset of svmptoms and this I'O 
suggest that the infection was of a virulent nature. 
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Specimens of stools from 131 cases were examined bacteriologically and in 
97 cases V. cliolerce was isolated ; 84 of these were studied. They were distributed 
as follows : — 


Table II. 


Feb. 

March. 1 

April. 

M.ay. 

June. ^ 

j 

July. 1 

i 

Aug. 

! 

Sept. ^ 

! 

Oct. 

Nov. 

Dec. 

5 

2 ' 

4 

15 

23 

18 

6 

2 j 

5 

3 

1 


They were all typical cholera vibrios, gave positive cholera-red reaction and were 
non-hsemolytic [goat-cells, Greig’s (1914) technique]. They fermented saccharose 
and mannose with formation of acid only and did not ferment arabinose. They 
would thus fall in Heiberg’s group I vibrios (Heiberg, 1935). They were tested 
against Inaba and Ogawa ‘ 0 ’ sera, raised from Bruce-White’s dried standard 
cholera antigens and were all found to be of the Ogawa type. The following 
table is a sample of the results obtained and shows the clear differentiation of 
the types ; — 

Table III. 


AOQIitrTrNATION PER CE.ST 
TITEE. 

Vibrio r 

number. 


G. .36135 . . 
G. 36136 .. 
G. 36137 . . 
G. 36138 .. 
G. 361.54 .. 
G. 361.55 . . 
G. 36156 .. 
G. 36157 .. 
G. 361 58 .. 
G. 36159 .. 
G. 36160 .. 
G. 36161 .. 
G. 36162 . . 
G. P. 6 . . 


Inaba ‘ 0 ’. 


10 

10 

10 ' 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


Ogawa ‘ 0 ’. 


80 

80 

100 

100 

75 

76 
100 
100 
100 

75 

100 

100 

75 

100 


The homologous ‘ 0 ’ litre of the two sera 
was 2, .500. 


. ^ further and final confirmation absorption tests were done with ‘ 0 ’ sera 
raised from t^ee of these strains, viz., G. 36154, G. 36157, and G. 36158 and 
the Inaba and Ogawa sera. The results are shown in Table IV and estabhsh the 
serological identity of these vibrios with the Ogawa type 


Table IV. 



0 = less than 50 the lowest dilution tested. 

'24-hour growth tvom 1 Roux bottle was used to absorb 1 o.e. of serum diluted 1 in 20 : contact at 37°C. for trro hours and in ico box overnight. Agglutina- 
tion tests were left in a water-bath at r)2'’C. to 54'’C., for 18 to 20 hours. 
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Summary. 

A severe epidemic of cliolera in Periyakulam range of the Madura district in 
South India is recorded and the vibrios isolated have been shown to be of the 
‘ Ogawa ’ type of Gardner and Venkatraman. 
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Sanitarians in tlie past recognized tlie presence of pathogenic organisms 
(for example, typhoid-paratyphoid group) in sewage and water which gave rise to 
epidemics and rightly directed their attention to their purification as an essential 
step for the improvement of public health. The actual demonstration of such 
organisms in sewage and water proved, however, to be of the utmost technical 
difficulty. Organisms of t}rphoid and paratyphoid groups, when present in a 
communal sewage or water, are so much diluted and outnumbered by other sapro- 
phytic organisms that, even ivith selective methods, very great difficulty was 
experienced in their isolation. The introduction of Wilson and Blair’s (1927) 
medium made a great advance in this direction and has enabled us to investigate 
the incidence and viability of these organisms outside the human body with a 
reasonable degree of precision. In a previous paper (Stewart and Ghosal, 1932) 
we produced evidence indicating the value of this medium for the isolation of and 
investigation of the viability of Bact. typhosum in sewage and septic tank effluents. 
In the present co^unication we present our experience of the same medium in 
the isolation of this bacillus from the River Hooghly, a large tidal river flowing' 
on the western side of Calcutta. " ° 

In 1929 Houston isolated Bact. typhosum from the River Thames hy Wilson 
and Blair s medium. Before this, he had failed to do so bv all other technique 
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592 Wilson and Blair’s Medium in Isolation of J3act. typiiosum. 


Later, Wilson and Blair (1931) succeeded in isolating the organism from the Eivei 
Lagan and also from a dam in the course of a stream, while Scott, with the same 
medium, demonstrated the bacillus in the lliver Var. Using this method se\eial 
recent outbreaks of enteric fever in England could be traced to contamination o 
water-supplies by sewage. 


TiiClIXIQUE OK ISOLATION. 

One sample was collected each day at a fixed time from a bathing ghat 
and examined in the laboratory in the following manner . 

To 1,000 c.c. of the sample (which was always alJmline in reaction) ^ 
a 1 per cent solution of acid potassium phosphate till the pH was^ brought on 
to 7-0 to 6-8, as this facilitated rapid sedimentation. Two c.c. of a o 
solution were then added and, after shaking, it was allowed to sett e or a • 

On settlement, the supernatant fluid was thrown off, the last -00 c.c. 
fuged and the deposit plated on Wilson and Blair's medium. (The compositou 
of the medium was the same as that described in our previous paper 
no absolute alcohol was added.) The subsequent steps m the iso a 
identification of BocL lyphosioit were tliosc described in oui last paper. 


Results. 

Seventv-eight samples were examined from Januaiy 1935 hto 

of which eight yielded Bac(. lyphosioit. The positive findings may be ivi 

two groups : — . . ^ ^ reek of 

Group I. — This gioup consists of five samples examined in the firs 
February 1935 duiiiig ‘ Aidhodaya Yoga ’ which is a great Hindu lestiva > 
hundred's of thousands of pilgrims visit Calcutta and take a bath o p ^ 

in the River Hooghly. Of the five samples three gave positive results. • 
high percentage of positive findings in one week was not found on a y 
occasion. As a control three more weekly examinations of five samp 
carried out in diflterent months with only one positive result. _ 

Group II. — This comprises the other five positive findings obtaine 
the remaining samples on different occasions. . 

It may be mentioned here that great difficulty was experienced 
monsoon months in isolating Bact. typhosum. Plates were overcrowdec j^gg 
black colonies of other organisms and the isolation of Bact. typhosum P 

task. Thirteen samples were examined during the monsoon and -i 
excluded the results showed eight positives among the 65 samples exami 


Discussion. . 

The results clearly demonstrate the value of Wilson and Blair s meto^^.^ 
the isolation of Bact. typhosum from river water. The isolation of ® 
bacillus from such a large river as the Hooghly was previously the 

a practicable proposition. The findings are also of considerable interes ^ 
epidemiological point of view. Enteric fever is endemic in in the 

known that a large section of the inhabitants are in the habit of ha i o 
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river, of drinking its water, and of washing their utensils with the river water. 
Though the local health authorities had drawn attention previously to the danger 
of river water in the spread of enteric fever, the actual demonstration of the 
organism in the water had been wanting and hence the warnings may have failed 
to carry conviction. "With the isolation of the bacillus this link has been found, 
and the public will probably now be more convinced of the dangers attendant on 
the use of Hooghly water. The increase in the positive findings during the 
‘ Ardhodaya Yoga ’ festival suggests that the bacilli were coming from human 
carriers. 

Summary. 


(1) Bad. typhosum was isolated eight times from the Eiver Hooghly out of 
78 samples examined and, excluding the samples examined during the monsoon, 
the results were eight positives out of 65 samples examined. 

(2) The number of positive findings increased at the time of the ‘ Ardhodaya 
Yoga ’ festival, thus suggesting that the bacilli were being derived from human 
sources. 

(3) The risk of using river water for bathing, drinking, and domestic purposes 
has been emphasized. 
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The cEorio-allantoic membrane of tke developing egg lias been used exten- 
sively in tlie cultivation of filterable viruses. The interpretation of the results 
obtained in the membranes usually presents no difficulty in the case of known 
viruses as, in the majority of these, susceptible laboratory animals are available 
to test the lesion material. It is when one seeks to establish the virus nature of a 
disease by attempting to obtain primary cultures in egg membranes from inocu- 
lation of material supposed to contain the virus, that considerable caution is needed 
in the interpretation of the results obtained, especially if the hypothetical virus 
is not readily transmissible to laboratory animals. We have experienced this 
difficulty while attempting to cultivate the trachoma virus (Pandit, Wright and 
Sanjiva Rao, 1935) and sandfly fever virus (Shortt, Rao and S waminath, 1936) 
in egg membranes. The lesions obtained in these instances w^re transmissible 
in series from egg to egg after filtration through suitable grad^col membranes. 
This finding suggested the probability that the lesions obtained were due to viruses 
and were not merely the result of physical and mechanical injuries which are known 
to produce lesions not greatly dissimilar to those usually noted in known virus 
infections. Owing, however, to the difficulties inherent in interpreting the response 
of the chorio-allantoic membrane to differing stimuli it was considered essential 
to study these responses to various substances definitely known not to contain 
any; virus. This investigation is still in progress, but certain facts have emerged 
which we consider are of sufficient interest to be recorded. 
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596 Response of Ohorio- Allantoic Membrane to Various Substances. 


Materials and methods. 

The substances employed belong to various categories. These were grouped 
as follows ; — 

1. Insohible substances such as Kieselguhr 1 per cent suspension, aluminium 

gel 5 per cent suspension. Indian ink 1 per cent suspension, and 
olive oil. 

2. Soluble substances such as copper sulphate 1 per cent solution, normal 

saline, glycerine 50 per cent solution, and starch 1 per cent solution. 

3. Biological substances such as ground normal membrane, normal and 

febrile human serum, milk, sterile bacterial filtrates, ptyalin, and 
pepsin. 

4. The following bacteria : E. typhosus, B. proieus, V. cholerce, G. dipli- 

tlierice, N. catarrhalis, Staphylococcus aurenis, and Streptococcus non- 
hannolyticus. 

Eggs 13 to 14 days old were used for inoculation, as they were found to be 
more suitable than younger eggs. The technique of inoculation was the same as 
that described by Eao, Pandit and Shortt (1936) in then* study of vaccinia, each 
side of the triangular opening being about half an inch long. The amount of 
inoculum in each case was 0T5 c.c. The soluble and insoluble substances were 
all sterilized by heat, and the biological substances were tested for sterility prior to 
inoculation. The bacterial suspensions were standardized to contain 500 million 
organisms per c.c. as higher strengths of some organisms were fatal to embryos. 

The inoculated eggs were incubated at 39°0. and opened on the fourth day. 
Our attention was confined to the membranes, and the embryos were not inve.sti- 
gated except in the study of B. y^roteus. In the case of bacteria a longer incubation 
period led to a high mortality among the embryos. In all cases the lesions, as well 
as the sites of inoculation not showing naked-eye lesions, were examined in sections. 
The lesions, when ground, were tested bacteriologically for purity and sterility, 
as the case might be, prior to further passages in eggs. 

Results. 

It was foimd that aluminium gel alone, of inert substances, and bacteria 
produced lesions not unlike those of virus infections. It may be noted here that 
all marginal lesions, opacities, or thickenings of the inoculated areas usually rnet 
with as responses to mechanical injuries were not considered as lesions. A lesion 
w'as only recorded as such when there was a distinct heaping up at the centre 
and slope towards the periphery, and when such a lesion occupied the centre or 
a greater portion of the area inoculated. This standard w^as adopted as it was 
our intention to assess only such responses as are usually noted in virus infections. 
The lesions noted had usually a whitish appearance with a slight yellow tint and 
haemorrhagic areas around them were not noted. 

Before describing the lesions produced by the various agents employed in 
our experiments the appearances seen in a lesion, tire result of mechanical injury, 
may be briefly described for purposes of comparison. The section of such a lesion 
shows considerable proliferation of the ectoderm. The entoderm is little affected 
if, in the specimen studied, the injury has been very superficial. The mesoderm 
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is thickened with ftbroblastio infiltration and the presence of a certain number of 
eosinophiles is noted. Some oedema of the mesoderm is seen and cell nests are 
present. 

Lesions produced by aluminiusc gel. 

The aluminium gel was prepared as follows : 147 grammes of aluminium 
sulphate, equivalent to 22-5 grammes of Al-iOs, were dissolved in 300 c.c. of distilled 
water, and strong ammonia (0’8S sp. gr.) was added slowly until the precipitate 
obtained had a strong persistent smell of ammonia. The precipitate was then 
diluted to three times its bulk with tap-water, and allowed to settle. The 
supernatant liquid was drawn off. This operation was repeated two or tlnee 
times until there was very little smell of ammonia. Two hundred c.c. of distilled 
water were added to the precipitate, and the suspension boiled until there was no 
trace of ammonia. The precipitate was finally washed with distilled water, and 
allowed to settle. The supernatant liquid was drawn off as completely as possible. 
The volume of the precipitate was measured and made up to one litre with 
ammonia-free distilled water. From this a 5 per cent suspension was made in 
distilled water, sterilized by boiling, and used for inoculation. 

The naked-eye appearance of the lesions obtained was as noted above. No 
focal lesions were found in any of the membranes. 

Microscopic appearances. — Sections show considerable proliferation of the 
ectoderm with a tendency to papillation, a much slighter proliferation of the 
entoderm, and marked thickening of the mesoderm with cellular infiltration with 
fibroblasts. Eosinophiles are also present and there are large irregular masses of 
structureless homogeneous eosinophilic-staining substance. Cell nests are present 
and the lesions are markedly vascular. 

The lesions were ground with papain broth, about 2-5 c.c. being used for one 
lesion. They were found to be stei ile when cultured on the routine bacteriological 
media. The inoculation of ground material, as well as the filtrate obtained mter 
filtering it through a gradocol membrane of 0'9fi average pore diameter, did not give 
rise to any lesion. 

Lesions due to bacteria. 

The species of bacteria investigated have already been listed. As has been 
noted by other workers, lesions -were obtained with all of them on primary inocu- 
lation. The naked-eye characters of these lesions agreed with the general descrip- 
tion already given. Discrete or focal lesions, in addition to the main lesions were 
also noted, particularly with B. proteus. Hremorrhagic areas around the lesions 
were never found. The lesions obtained with bacteria are dealt with below in 
more detail. 


Lesions with B. proteus.— The lesions were obtained with the three strain-s 
used, viz., B. proteus X 19, X 2, and X K. 

Microscopic appearances.— Sections show proliferation of both ectoderm and 
entoderm, especially the former The mesoderm is greatly thickened, with mdema 
and marked fibroblastic infiltration with some eosinophiles. Cell nests are present 
From the lesion the organism inoculated could be isolated in pure cultnrp' 
As has been noted by Burnet (1936) great variability was noted in th^e production 
of lesions in the batch of eggs moculated with the same inoculum Froni tKS 
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blood of living embryos the organisms were isolated in pure culture, irrespective 
of whether lesions had appeared on the membrane or not. The cultures isolated 
showed no change in then- agglutinability after six serial passages in egg membranes. 
Biochemical reactions were also constant, except on one occasion in each case 
with proteus X 19 when gas production was inhibited, with proteus X 2 when 
maltose was not fermented, and with proleiis X K when maltose, saccharose, and 
salicin were not fermented. No change in the antigenic characters of proteus 
X 19 was noticeable, when this strain was tested with homologous antiserum by 
the agglutination absorption method. 

Other strains were not investigated from this point of view. 

Filtrability of lesions produced by proteus X 19. — The lesions obtained with 
this strain were ground in papain broth and filtered through Elford’s gradocol 
membranes of 0'9 /ji. average pore diameter. The filtrate was found to be sterile 
when tested on all routine laboratory media, after both aerobic and anaerobic 
cultivation, and after incubation for a period of 7 to 10 days. The sterile filtrates 
inoculated into eggs again produced well-marked lesions. It was found that these 
lesions, although bacteriologically sterile, could be passaged in series, apparently 
indefinitely, even after intermediate filtration. If the ground lesion suspension 
was centrifugalized, lesions were produced both with the clear supernatant, and 
with the deposit, though the lesions with the latter tended to be more pronounced. 
Actually 21 serial passages were carried out. The details are given in Table I 


Table I. 


Number of 
passage. 

Number of 
eggs 

inoculated. 

Number of 
eggs showing 
lesions. 

Degree of 
lesions. 

1 

3 

1 

-b + -f 

2 

4 

2 

+ + -t--b 

3 

4 

3 

+ 

4 

11 

7 

+ + 

5 

6 

4 

+ + 

6 

6 

3 

+ -f- -b 

7 

8 

5 

+ -b + 

8 

10 

8 

-i- + -b 

9 

7 

7 

+ + 

10 

9 

6 


11 

10 

7 

+ -I- + 

12 

12 

4 

+ + 

13 


6 

-b-b-b 

14 

1 8 

3 

+ 

15 

1 9 

5 

■+-b-b 

16 

1 8 

3 

-b-b-b 

17 

9 

5 

+ -b + 

18 

1 10 

4 

-b-b-b 

19 

1 9 

4 

-b-b 

20 

4 

2 


21 

3 

2 

-b-b-b 


-r + + -|- = I<esion which occupies the whole of the 
inoculated area. 

-f = Small circumscribed lesion in the centre 
of the inoculated area. 

tH- and -f + + = Lesion.s intermediate in sizfe. 
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It will be seea from this table that the response in the eggs was not uniform 
and great variability in the size of lesions was noticed in any one of a batch of eggs 
inoculated with the same inoculum. 

\Yken the emulsions of lesions were filtered through gradocol membranes of 
0'6^ average pore diameter, no lesions resulted in the inoculated eggs. It would 
appear, thmefore, that the agent in the sterile filtrates causing lesions in egg 
membranes is of a particulate nature. 

It might also be stated that when the filtrate lesion suspensions were heated 
to 100°C.'uo lesions resulted on their subsequent inoculation into eggs. Heating 
to 60 °C. for 30 minutes did not affect the production of lesions. 

Attempts to cultivate the original organism from the filtrate lesions on the 
routine laboratory media have proved so far entirely negative. During the course 
of this investigation, however, a Gram-negative motile bacillus was occasionally 
grown in pure culture, Avhich suggested the possibility of its being a modified form 
of B. proteus X 19. This organism fermented after 48 to 72 hours glucose, maltose, 
and saccharose without gas production. Litmus miUc was made alkaline. It was 
not agglutinated by rabbit antisera against proteus X 19, Z 2, or Z K. Subsequent 
examinations revealed that this organism was a normal or occasional commensal 
present in the egg embryos. It was isolated both from the membrane and heart 
blood of living chick- embryos from uninoculated eggs. 

Microscopic appearances of filtrate lesions. — The sections show marked pro- 
liferation of both ectoderm and entoderm, mesoderm much thickened, with marked 
fibroblastic infiltration and presence of cell nests. The lesion is very vascular and 
with marked eosinophilic response, the section in some cases being crowded with 
eosinophil cells. The fibroblasts below both ectoderm and entoderm are arranged 
parallel with the surface producing a sort of ' felted ’ effect. 

Lesions with B. typhosus. — ^Eesults of inoculation with E. typhosus were iden- 
tical with those obtained with B. proteus X 19. Thus the lesions could be passaged 
in series in eggs after filtration of the ground lesion suspension through gradocol 
membranes of 0-9/t average pore diameter. Only three serial passages were carried 
out. Heating to 100°C. destroyed the agent responsible for the production of 
lesions, while heating to 60°C. for 30 minutes did not affect the power of producing 
lesions. 

Microscopically E. Ujjihosus lesions show proliferation of both ectoderm and 
entoderm, especially the former. There is thickening of the mesoderm with 
fibroblastic infiltration and the presence of cell nests. Eosinophiles are also 
present. E. typhosus filtrate lesions show the same picture without the presence 
of cell nests. ^ 


Lesions toith other bacteria.— The primary lesions with C. diphtheriw, Staphy- 
lococcus aureus, arxd Streptococcus non-hremolylicus were not found capable of pro- 
pagation in series after filtration. With F. cholerce and Z. catarrhiis, however 
some evidence was obtained which indicated the presence of a filter-passing and 

irSh studied 


Microsco 2 )ic appearances of lesions with V. cholerte —The sections skow 
proMerafoa of tie ectodej, leBs marW of L enlodti Ve 
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greatly tliiclceued, showing fibroblastic infiltration, a few eosinophiles, and cell 
nests. Marked cedema is also present. 

Microscopic appearances of lesions with Staphylococcus anreus. — The section 
shows very marked proliferation of ectoderm as well as marked proliferation of 
entoderm. The mesoderm is much thickened with fibroblastic infiltration. It 
shows marked oedema and a great development of cell nests. Eosinophiles are 
also present. 

The results obtained with bacteria are summarized in Table 11 : — 


Table II. 


Tnoenlum. 

Nature of 
lesions 
in eggs. 

j Average 
pore dia- 
meter of 
gradocol 
membrane. 

1 

j Result of 
j filtrate 
inocula- 
tions. 

Number 
of serial 
passages 
with 
filtrate 
lesion. 

Remarks. 

B. protcus X Id 

+ + -|' + 



21 

1 

i 

No lesions when fil- 
tered through 0-6/4 
membrane. Heat- 
ing ground mate- 
rial to 100°C. = No 
lesion, to 60°0. 
for 30 minutes = 
Lesions. 

. 

B. proteus X 2 

B. proteus X K 

-fd- + 

■ + + -!- 

} 

Not done 


E. typhosus 

i 

-!- + + 

' 0-9y. j 

-f + -l- 

i 


F. cholerce 

d" + + 

! I 

0-9/u 



1 Results inconclu- 

N. catarrhalis 


l-.V 


-- 

j aive. 

Staphylococcus aureus 

■h-h-h-h 


i Negative 



0. diphtheric^ 

+ + -)- 

1-3/4 

Negative 



Streptococcus non-ho’.mo- 
lylieus. 

+ ? 

1-1/4 

Negative 

•• 

Lesions not tj-pical. 
Membrane thick- 
ened and opaque. 


Tnoculated organisms were isolated in pure culture from all primary lesions. The filtrates and 
filtrate lesions in serial passages remained sterile on routine bacteriological media. 
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Comments. 

Lesions of the type we have described were not observed with any of the inert 
substances studied, with the exception of aluminium gel. Histologically, also, 
there was no evidence of any definite lesion having been produced at the inoculated 
sites. D’Aunoy and Evans (1937) have reported the presence of lesions with histo- 
logical changes, similar to those recorded by us in the case of aluminium gel and 
bacteria, even in normal uninoculated membranes. The authors do not mention, 
however, whether such membranes were examined bacteriologically and found to 
be sterile. For, as we have shown, from membranes and living embryos from 
uninoculated eggs a Gram-negative bacillus could be isolated which, when inoculated 
into eggs, produced lesions. Even so this organism was oidy met with occasionally, 
while D’Aunoy and Evans reported the lesions quite regularly in normal 
membranes. 

No explanation can be offered by us as to why aluminium gel alone of the 
inert substances produced lesions in eggs. Tliis finding is, however, of some value 
in that such lesion material could be used with advantage as control material in 
the study of vhuses present in membrane lesions. 

The results obtained with B. proteus and E. typhosus appear to us capable of 
one obvious explanation, viz., the agent in sterile filtrates causing lesions might 
be a filterable form of these organisms. It would be interesting to note in this 
connection that Chapman and McKee (1935) have noted a filterable form of 
B. proteus X 19 and B. typhosus when grown in K medium. 

Another explanation might be that the filterable lesions were due to a pro- 
teolytic enzjune produced initially by B. proteus in the membrane and subsequently 
carried through from membrane to membrane even after filtration. This possi- 
bility was investigated by the digestion of carmine-stained fibrin by filtrate lesion 
material. Normal membrane material was used as a control. Apart from the 
obvious limitations of this method of testing the enzyme action in lesions the 
experiments proved indecisive although evidence of any appreciable amount of 
ferment was lacking. 

An examination of the lesions produced by the various agents used in the 
study gives us the impression of a very uniform histology w'hatever the agent pro- 
ducing the lesion may be. Thus, in all cases, there is more or less marked prolifera- 
tion of ectoderm and entoderm and a thickening of mesoderm with infiltration 
of fibroblastic cells. The only obvious deviation from this general picture was in 
the case of lesions produced by filtrates of B. proteus X 19 lesions in which 
there was a very marked eosinophilic response similar to that known to be an 
acconapaniment of the response of the chorio-allantoic membrane to some virus 
infections. 


Summary. 

I. The response of the chorio-allantoic membrane to inoculation with sub- 
stances known defimtely not to contain any virus was studied. The substances 
used included soluble and insoluble substances, biological substances, and bacteria. 
It was tound that al^imum gel alone, of the inert substances, and bacteria produced 
lesions in eggs not dissimilar to those met with in known virus infections 

J, MR 
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2. The lesions produced by B. proleus ^19 and E. typhosus were capable of 
being propagated in series after filtration of the ground lesions through gradocol 
membranes. 

3. From bacterial lesions the organisms inoculated were always isolated in 
pure culture. The filtrate lesions in all serial passages made remained steiile on 
routine laboratory media. 

4. Microscopically the lesions had a more or less uniform histology whatever 
the agent producing the lesion might be. In lesions produced by the filtrates of 
B. proteus X 19 lesions, however, the eosinophilic response was more marked than 
that seen in sections of primary lesions produced by that organism. 

5. Attention is drawn to the presence of a motile Gram-negative bacillus 
in the membranes and heart blood of a few living chick-embryos from uuinoculated 

eggs. 
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LABORATORY TESTS ON THE FUNGISTATIC 
AND FUNGICIDAL EFFECT OF 
VARIOUS SUBSTANCES. 


BY 

P. A. MAPLESTONE, d.s.o., d.sc., m.b., ch.B., d.t.m., 

AND 

N. C. DEY, L.M.B., L.T.M. 

{From the Medical Mycology Inquiry, tinder the Indian Research Fund 
Association, at the Calcutta School of Tropical Medicine.) 

[Receiver! for publication, September 30, 1937.] 


Notwithstanding the large amount of laboratory work that has been done 
in testing drugs and chemicals of many kind.s for their action on fungi, with the 
object of finding a reliable cure for the various fungus infections of man and animals, 
no entirely satisfactory ones are yet available. Another disappointing fact is that, 
in our experience, a preparation strongly recommended elsewhere may be found 
relatively useless when tried on apparently the same disease under Indian conditions. 
This makes it imperative to try promising remedies on local strains of the fungi 
before a definite opinion on their value can be given for India. We have accordingly 
carried out tests on a number of preparations and give in this paper the results so 
far achieved ; it is proposed to detail our clinical results, based on the in vitro 
findings given here, in a second paper. 

In selecting the drugs deemed wmrthy of detailed study, from among the 
immense numbers which are possibly of use in this direction, we have to some 
extent been guided by other workers in the same field, notably Schamberg and 
Kolmer (1931) and Kingery and Adkinsson (1928), and we have also tried prepara- 
tions sent witli recommendations by the manufacturers or that have been reported 
as useful in other places, on clinical results alone. 

Epidermophyton cruris and the several allied or, as some consider, the identical 
species, is by far_ the commonest type of infection, so this species has naturallv 
been very extensively used as the standard for testing fungicidal compounds biit 

( 603 ) 
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infections with the trichophyton group are much more difficult to cure by local 
applications so we have also paid a good deal of attention to them in this inquiry. 
One species of special interest to us is Achorion violaceum because it is fairly 
prevalent and infection with it is nearly always complicated by a staphylococcal 
infection of the follicles as well, which makes the cure much more difficult. Local 
strains of four common fungi were used throughout the inquiry and the same 
strain of each was used the whole time. They were : Epidermophyton cruris, 
Achorion violaceum, Achorion acloni, and Microsporum audouini. 

Technique. 

Our methods are based on those of Schamberg and Kolmer (1922) but several 
modifications to suit our special needs were introduced. Our test fungi were 
invariably grown on Sabouraud’s maltose peptone agar, with a pH of 6‘0, for a period 
of three to four weeks, because this is the time that the fungi are at their greatest 
activity and are furnished with their characteristic end-organs. The complete'^ 
surface growth was carefully removed in small pieces, avoiding as far as possible 
inclusion of any of the medium. The growth was placed in a sterile bottle con- 
taining some sterile glass beads and 10 c.c. of sterile distilled water adcled; after 
this the bottle was shaken mechanically for about three hours, by which time a 
fine uniform emulsion had formed. The emulsions so made were always very 
opaque so a sample was diluted about ten times further with distilled water after 
which it could be matched against a set of AYright’s standard opacity tubes and it 
was finally adjusted to an opacity of between 900 and 1,000 millions of organisms 
per c.c. Measured quantities of such an emulsion thus had approximately the 
same numbers of organisms. 

Two sets of tests were made with each drug, the fungistatic and the fungicidal, 
because preliminary fungistatic tests reduced the number necessary to ascertain 
the highest fungicidal solution of a drug. 

Fungistatic test. — Sabouraud’s maltose peptone agar (pH 6'0) was used but of 
course the hydrogen-ion concentration would be altered by the addition of the 
difierent preparations to be tested, and the pH of the medium plus the test substance 
were not taken. Nine c.c. of culture medium were liquefied in a water-bath ana 
1 c.c. of the test substance in solution thoroughly mixed with it, thus giving a 
dilution one-tenth the strength of the original. So as to obviate possible decom- 
position of the test substance by heat the liquefied medium was allowed to coo 
to as low a temperature as would allow of the test solution mixing thoroughly witli 
it. This was found to be 45 °C. ; at lower temperatures the medium became too 
solid to allow of even diffusion through it of the test solution. 

Ordinary slopes in test-tubes were made with the mixtures so prepared under 
strict aseptic precautions so that subsequent sterilization, with probable inactiva- 
tion of the test substance, would not be necessary. In the fungistatic es s 
inoculations were made with small portions of unemulsified stock culture, anc > 
results were read twenty-one days later. 


* lu ca.se of A. violaceum it was necessary to take the contents of thx'ce or four cul 
tabes to obtain sufficient material. 
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Fungicidal tesls.—Om half c.c. of standard emulsion, prepared as described 
above, was placed in a test-tube, fom’ inches long by half an inch in diameter, and an 
equal quantity of the test solution was added, using sterile graduated pipettes for 
the purpose. It should be noted that the dilution of the test substance was doubled 
by this operation. The mixture was shaken about sixty times in a period of half 
a minute and placed aside until needed. Every drug at each dilution used was 
tested by taking loops of the appropriate mixtures at intervals of 1 minute, 10 
minutes, 30 minutes, 1 hour, aird 24 hours and inoculating them on Sabouraud’s 
agar slopes. The mixtures were well shaken each time before a loop was 
taken for iiroculation. The inoculated tubes were examined daily for fifteen 
days and if by that time no growth was detected the fungus was considered 
to have been killed. Each test was controlled by a plant of simple emulsion from 
the same stock as those from which the test mixtures were made. 

Because of our experience of the frequent complication of A. violaceum by a 
pustular folliculitis a strain of Staphylococcus aureus isolated from a case with 
this condition was also tested against many of the same drugs, with the object 
of finding the best one for curing both the bacterial and fungal infections 
at the same time, or possibly of combining the two drugs shown to be the best 
against the two organisms. 


Discussion of results. 


Reference to the tables will show our results and they need little discussion 
for they are for the most part self-explanatory. 

The substances have been arranged in the tables in the order of their effici- 
ency as far as possible, the best drug being at the bottom, thus giving a graphic 
representation of their powers. When the objects of this research are recalled 
this classification seems preferable to grouping drugs of similar chemical compo- 
sition and properties regardless of their action on fungi. 

Although for the sake of clarity only the lowest dilution which failed to 
prevent growth is indicated by a plus sign in the tables, tests above and below these 
dilutions were of course carried out, and although only one result is given it was 
confirmed by identical tests on more than one occasion in every instance. In some 
cases the gap between the last negative and the first positive dilutions is rather 
wide, and work is now in progress to try intermediate dilutions in these cases so 
as to define more accurately the end-point of action of the substances. 

Abracide is the proprietary name for a liquid containing 10 per cent of hydroxy- 
methyl-butyl-benzene, which is structurally similar to thymol. It will be seen 
that the fungistatic action of abracide and thymol is identical, but as a fungicide 
the former is slightly better. 


Cinnamon oil was foimd to be a better fungistatic agent than thymol, but 
its fungicidal action was not good. It is an unsatisfactory substance because 
difterent samples of oil showed very different powers. 

Lugol s solution suitably diluted was the source of the iodine used. 


Paramtrqphenol came to us with glowing accounts of its effect on ringworm 
of the feet m the Malay States. It had been used empirically by laymen 
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because it is used commercially to prevent moulds growing on raw rubber during 
shipment. 

Benzoic acid is only soluble in \vatcr 1/450 and salicylic acid 1/500 so for 
practical purposes the strongest effective solution it is possible to make in both may 
be taken as 1/500. In our technique 1 c.c. of the solution was added to 9 c.c. of 
culture medium giving a constant proportion of water and medium in all tests. 
Under these conditions, and to maintain uniformity in all our tests, 1/5,000 was 
the highest concentration in which these two acids could be tested in the fungistatic 
tests. They do not seem very efficient as fungicides although they are well-known 
remedies, especially in Whitfield’s ointment where benzoic acid is present in 5 per 
cent streirgth and salicylic acid in 3 per cent. 

It will be seen that brilliant green is much more effective against A. violaceum 
than crystal violet, but crystal violet is better against the staphylococcus we used 
than is brilliant green, so a mixture of these two dyes was made. The action of the 
combined dyes was disappointing in their effect on A. violaceum, the reason of 
maldng the combination, but it was surprisingly effective against E. cruris. It 
is possible a new compound is formed in the mixture. 

We give below the origin of the various substances used in this research, not 
with’ the object either of recommending or condemning 'any special preparations 
used, but as an indication of their quality so that other wmrkers may be able more 
easily to assess our results. 

The benzoic and salicylic acids, mercirric chloride, iodine, thymol, clove and 
cinnamon oils, acriflavine, and quinine were all of British Pharmacopoeia standard ; 
the pure paranitrophenol and gentian violet were manufactured by Merck ; the 
fuchsin, crystal violet, malachite green, and brilliant green were from Grubler s 
factory’' ; the mercurochrome and merfenil were supplied by May and Baker ; the 
abracide by A. Boake, Robert & Co., and the commercial paranitrophenol was the 
same as is used in the preservation of raw rubber. 


Summary. 

The in vitro effect of a collection of substances against four strains of common 
fungi is given and the technique employed is described in detail. 
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Table II. 

Bacteriostatic results ivith a strain of Stapliylococcua aureus isolated from 
a case of A. violaceum infection. 
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Table III. 
Fungicidal tests. 
Epidermophyton cruris. 
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Fungicidcd tests. 
Microsporum audouini. 
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IMMUNIZATION OF HORSES FOR THE PRODUCTION 
OF HIGH-TITRE TETANUS ANTITOXIN. 


BY 

N. N. RAY, M.sc., 

AND 


G. C. DAS. 

{Bengal Immunity Research Laboratory, Calcutta.) 

[Received for publication, August 8, 1937.] 

That thB successful production of antitoxin depends on a number of factors, 
as theTesponsiveness of the horse, the quality of the toxin or anatoxin, and 
tb^sive and spacing of its doses, is well known. When the horses are immunized 
bv the iniection of increasing doses of toxin, tlie antitoxic titre of the serum at 
K increases, reaches a maximum and then, after a short period, begins to fall. 
Manv attempts have been made to raise the titre of the serum still higher by adding 
+7 the aTiti<ren before injection, non-specific substances, such as alum, tapioca, 
CaGl MnCh etc Thus Ramon and Lemetayer (1932) have shown that the 
production of diphtheria antitoxin may be improved by injecting to the horses 
at first a mixture of tapioca and antigen for some months, and then a mixture of 
CaCl- and antigen. They also report that good results have been obtained, by 
usin<^ this method, in the'production of tetanus antitoxin, although in this latter 
case”no actual figures have been given. In this paper we shall record the results 
of our observations on the immunization of horses for the production of tetanus 
antitoxin. Our method differs from that of Ramon and Lemetayer in this respect 
that a brief period of respite was allowed by us to the horses during the course, of 
immunization. 

Experiment. 

In our experiments, 27 horses were selected and were first immunized with 
tetanus toxoid only. They were then divided into three groups. After a brief 
period of rest the immunization of the horses belonging to the different groups was 
started again. The horses in group I were injected with increasing doses of antigen 
only, those in group II were given a mixture of alum and antigen in increasing 
j, ME ( 617 ) 4 


618 Immunization of Horses for Prochiction of Tetanus Antitoxin. 

doses, while tlie horses belongin" to group III were injected with a mixture of 
tapioca and antigen. After following this procedure for about two months the 
horses belonging to group III were subdivided into two groups, viz., group III-A 
and group III-B. These horses were again given a short period of rest, after which 
the horses of group ITI-A received a mixture of CaOlo and antigen and those of 
group III-B received a mixture of MnCB and antigen in progressively higher doses. 
The results are recorded in Tables I to IV. it will be noticed that horses 
belonging to group III-A responded very markedly. The average litre of this 
group rose to 1,490 I. U., while those of the other groups varied from 380 I. U. 
to 470 I. U. 


Table I. 


Tiire of the horses treated with phin antigen. 


Horae number. 

Titke 

IN Inteunational Units in the 

MONTHS OP : — 

November 

1936. 

Februarv 

1937. 

1 

1 

April 1 

1937. 1 

August 

1937. 

205 

0-6 

.300 

1 

500 

SOO 

324 

! 

0-0 

50 

200 i 

1 

200 

395 

0-0 

500 

i 

600 

400 

455 

0-0 

300 

200 

300 

492 

00 

500 

400 

500 

216 (died in 

5-6 

750 

1,000 


May). 



- 


504 

0-0 

100 

100 

200 

484 

0-0 

50 

1 

100 

300 

Avehagb .. 

1 

390 
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Table II. 


Titre of horses treated leith alum and antigen. 


Horse number. 

Titre in International Units in the 

MONTHS OF ; — 

November 

1930. 

Februarv 
1937. ■ 

April 

1937. 

August 

1937. 

241 

0-5 

400 

500 

600 

496 

0-0 

200 

400 

500 

497 

0-0 

150 

400 

600 

495 

00 

100 

300 

300 

543 

0-0 

150 

200 

400 

187 

0-0 

200 

400 

400 

286 

0-0 

500 

400 

500 

Aveeaqe . . 

470 


Table III. 


Titre of horses treated with antigen to tohich tapioca was added 
in the months of March and April and CaCh 
in the subsequent months. 


Horse number. 

Titre in International Units in the 

MONTHS OF: — 

November 

1936. 

February 

1937.' 

1 

April 

1937. 

August 

1937. 

145 

10 

100 

100 

1,000 

463 

0-0 

400 

600 

1,200 

445 

O'O 

300 

600 

2,000 

448 i 

O'O 

400 

400 

3,200 

478 

0-0 

400 

400 

750 

540 

0-0 

160 j 

300 

800 

Avehage . . 1 

1,490 
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Table IV. 


Tilre of horses Irealed with unligen lo which lajiioca was added 
in the wonlhs of March and Ajnil and MnClo 
in the subsequent months. 


Horse number. 

Titre 

IN International Units in the 

SIONTHS OF : — 

November 

1936. 

February 

1937. 

April 

1937. 

August 

1937. 

539 

O'O 

200 

600 

500 

163 

1 

O'O 

150 

400 

800 

499 

0-0 

300 

500 

300 

451 

O'O 

300 

400 

500 

213 

0-0 

100 

300 

400 

246 

0-0 

100 

200 

300 

Avebage . . 

470 


Discussion. 

The immunization of a horse for the production of tetanus antitoxin is said 
to be quite good when its serum has reached the titre 600 I. U. per c.c. It is J, 
rare cases that horses can be immunized so as to yield sera having a titre hig er 
than 1,400 I. XJ. per c.c. Predtechensky (1931) claims that by adopting a 
method of immunization he could raise the titre of two horses to the high va u 
of 1,500 and 2,000 American units per c.c. Schmidt (1928) records a case m w uc 
he obtained as high a titre as 2,940 I. U. per c.c. It will be noticed froin the e a 
recorded in Table III that by adopting the procedure already described we la 
been able to raise the titre of one of our horses above 3,200 I. TJ. per c.c. an 
of another above 2,000 units. It will thus be noted that the titre of 3,200 I- • 
per c.c. which has been obtained by us constitutes one of the highest values y 
attained in the production of tetanus antitoxin. 
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CONCLOSION. 

Tweufcy-seveu liorses were taken for the production of tetanus antitoxin. They 
were first inamunized with plain antigen and then divided into tliree groups. The 
first group was again immunized with higher doses of antigen only. The second 
group, after a period of 10 days’ rest, was immunized with alum and antigen. The 
third group, after a period of 10 days’ rest, was treated first with tapioca and antigen 
and then subdivided into two groups, III-A and III-B, which received respectively 
CaClj and antigen and MnClo and antigen. Of these four groups — group III-A 
was found to yield sera of very high titre. In this experiment, MnCl 2 and alum 
were found to be of little importance for the production of highly potent sera. 
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One of US (Grewal, 1934) determined tbe vitamin-A contents of butter fat 
prepared under his direct supervision by the Indian method and of butter fat 
prepared by the modern method from the milk of a known herd. The estimation 
of vitamin’^A was made biologically. It was shown that butter fat of butter 
prepared by the centrifugal method contained more vitamin A than ghee prepared 
by the Indian method. Preparation of ghee by the Indian method showed a 
loss of vitamin A. 

In this paper the vitamin-A contents of samples of bazaar ghee and of the 
market butters have been determined. In any such inquiry it is essential to 
establish the purity of the butter fat. Therefore we determined the following 
chemical constants of all the samples of ghee : — 

1. The Valenta acetic test. — ^This test depends on the intermiscibility of 

butter fat and strong acetic acid at a low temperature. The animal 
and vegetable fats (except coco-nut oil) form a clear mixture at a 
much higher temperature. Strong acetic acid (99 per cent) will 
give a turbidity with genuine butter fat at from 32°G. to 36°C. Many 
methods of carrying out the tests have been proposed but the method 
followed by us was that described in ‘ Allen’s Commercial Organic 
Analysis page 384 (Lifemann and Davis, 1910). 

2. The saponification value is the number of mg. of potassium hydroxide 

necessary to saponify 1 g. of the fat. 

3. The Helmer value is the weight of the insoluble fatty acids expressed 

as a percentage of the fat. 

4. The Reichert-Meissl value is practically a measure of the butyric and 

capric acid present. It was determined by us by the method 
described m ‘ Allen’s Commercial Organic Analysis page 377 
(Lifemann and Davis, loc. ciL). ^ ° 

( 623 ) 
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Vitamin-A Contents of Ghee. 


5. The PolensJcv value indicates the proportion of the glycerides of 

caprylic, capric, and iauric acids. It was determined by the method 
referred to above under the 11, M. value. 

6. Polenskc limit . — The Polenske value rises with the Reichert value. A 

number of workers have made searching investigations of the 
variations in the Reichert-Mcissl and Polenske values, Nicholls 
(1934) suggested t\vo formulas connecting the values ; for most 

practical purposes he proposed the formula for the average 

0 

Polenske value and for the maximum Polenske value, where R 
is the Reichert-Meissl value. 

The estimation of vitamin A was made by the colorimetric determination of 
the blue colour of the non-saponifiable fraction of the butter fat with the antimony 
trichloride reagent. The method used was that of Smith and Hazley (1930) with 
the modification that 10 g. of the fat were used instead of 2 g. with proportionately 
larger amounts of the solvents. The chloroform extract was dried over anhydrous 
sodium sulphate and distilled to a .small bulk. The residue was rinsed with dry 
chloroform into a 5 c.c. or 10 c.c. graduated flask according to the potency of its 
vitamin-A contents. The natural yellow colour was determined by measuring the 
yellow colour of the non-saponifiable fraction in chloroform (10 g. in 5 c.c.) with the 
Lovibond tintometer and the figures in the table indicate the units thus obtained. 

Forty-nine samples of butter fats have been examined. Ten of these samples 
were prepared under direct supervision from the milk of a known herd. The 
results of these are given in Table I. 

Butter fats in Table I give the Carr-Price blue value of 0'58 ± 0'081. The 
chemical constants show that they are pure animal fats. 

Twelve butters bought from the local market were examined, out of which 
six were bought in summer and the other six during winter from the same dames. 
The results are given in Tables II and III. 

In Table II fats give the Carr-Price blue value of 0‘36 ± 0'19. With the 
exception of butter Ino. 2, all of them were pure. The usual adulterants, excep 
the coco-nut oil group, give a lower Polenske value. The high Polenske value or 
butter No. 2 suggests its adulteration with coco-nut oil, which is the usual adulteran 
in the Punjab of that group. 

In Table III the fats give the Carr-Price blue value of 0'52 ± 0‘12. Except 
No. 27 all fats showed a slightly low Polenske value, other chemical constan s 
being within the normal limits. 

The village samples were purchased from villages. The results are given 
in Table IV. 

In Table IV the fats give the Carr-Price blue value of 0'21 ±0'18. 
chemical constants, except the Polenske value which is slightly low, are wi 
normal limits. 

Table V gives results of 20 samples of bazaar ghee. . . 

In Table V the fats give the Carr-Price blue value of 0'30 ± 0‘17. The 
constants show that Nos. 19, 23, 38, 40, and 44 to be very grossly adulterated, 
samples gave very little blue colour with the antimony trichloride test. Eos. > 
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20, 33, 35, and 43 show over 30 per cent adulteration with ‘ Banaspati ' ghee, 
even then two of the samples gave a good degree of blue colour with antimony 
trichloride. The rest of the samples show a small amount of adulteration. 

Table VII gives the analysis of bazaar butters. The summer butters showed a 
large percentage of water and would liave been considered as adulterated according to 
the British standards. 

Discussion. 

The composition of butter fat is very variable. Analysis of butter presents 
great difficulties in the detection of small degrees of adulteration with fats of animal 
or vegetable nature. In the Punjab this is rendered more difficult by the presence 
of bufialo butter fat. Buffalo butter fat gives an R. M. value of 32 to 40 which may 
be as low as 28. As cow butter fat gives an R. M. value of 24 to 32, the buffalo butter 
fat may be grossly adulterated and may yet yield constants comparable to those 
of genuine cow ghee. This would add greatly to the difficulty of the working of 
the ‘ Pure Food Act 

Table V shows that very adulterated samples are sold as genuine ghee. 

The Polenske values even of the known pure ghee are rather on the low side 
but the number of the samples examined being small it is difficult to give the 
significance of this fact. The chief adulterant in the Punjab nowadays is 
‘ Banaspati ’ ghee which causes greater deviation of the Polenske value than of 
other chemical constants. It will therefore be profitable to study the relative 
R. M. and Polenske values of the pure Punjab ghee. 

The vitamin-A content is very variable but certainly some of the samples 
had a fairly large amount. This is a fact of some importance as ghee is probably 
the chief source of vij/amin A in the usual human dietary of the Punjab. 

Summary. 

1. The Carr 'Price blue value of a number of samples of butter and ghee has 
been determined. 

2. The samples of the butter fats prepared at the laboratory gave the Carr- 
Price blue value of 0‘58±0'081. The market butters in summer had the Carr- 
Price value of 0-36 ± 0-19 and in winter 0-52 ± 0-12. All these butters were 
prepared from cream separated by the modern type of centrifuge. The Carr -Price 
blue value of ghee collected from villages was 0-23 ± 0‘16 and that of samples 
collected in the city was 0-31 ±0‘17. 

3. .The chemical constants of all the fats were determined. It was found 
that the ghee collected in the city was adulterated, in some cases grossly adulterated 
although sold as genuine. 

The expense of this research was defrayed by a grant from the Punjab Branch of 
the British Medical Association. 
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Butter fat {Lah.). 









Table II. 








Butter (winter). 


Source. 

a 

a M ^ ^ ^ 

tt ^ 

CJ 

P3 

Natural 

yellow 

colour. 

1 

O O Ip O CD 

(b> <>i 6} 1 

C“I 

Carr- 
Price 
blue 
value 
in O'Ol 

O* 

*-H t**. C5 CD O 

cp Ip Ip 

o o o o o o 

Polenske 

limit 

calculated 
according 
to the 
formula 

Cl 1 

t-- 1-5 O I> 

C/3 CD O ip 

CO cb CO CO CO 

O 1 
" t- 

O CO O (M O O 

Cp ^ O 

P5 Cl ds M M N 

1 

Polenske 
value, 
N/10 o.c. 
KOH. 

! 

CO CO I-I cs o 

di di 6i N di M 

R. M. 

value, 
N/10 c.r. 
KOH. 

1 

1 

33- 1 

28-8 

• 31-7 

34- 0 

! 

31-0 

30-3 

Eehner 

value, 

I per cent. 

88-8 

86-0 

86-8 

8.5-0 

87- 0 

88- 7 

1 

Saponi- 
fication 
value, 
mg. KOH. 

231 

225 

240 

227 

238 

237 

B. refrac- 
tive index 
at 40°C. 

40-0 

40-0 

40-5 

39- 5 

40- 0 

40-0 


1 

0-9125 

0-9118 

0-9123 

0-9124 

0-9111 

0-9117 

Valenta test. 

1 

1 

Acetic 

acid 

absorp- 

tion, 

per cent. 

60 

57 

65 

73 

70 

1 70 

Clearing 

tempera- 

ture, 

°C. 

O OO CO ^ 

CO CO CO CO CO ^ 

Number 
of sample. 

26 

27 

28 

29 

30 

31 







Table IV. 



0-9121 40-0 230 S4-2 34-1 1-6 3-44 4-01 0-02 






Table V. 
Ghee {bazaar). 


Source. 

(•4 

CJ 

a 

Natural 

yellow 

colour. 

O O O <M IM (-< 

tb o Cl 6 ►C ^ ! ! ! r " • • T ' • * * 

f-s • * 

Carr- 
Price 
blue 
value 
in 0-04 
g- 

O CO CO O ..J o -S -t* O O O Cl O lo lO O O >C -jt 

0(6oo'<c>c50ocb6ooo'^66c3<io 

Poleiiske 

limit 

3 so 
j C © 

2^5 2 


O ca »0 UC 00 IC Cl O ^ ^ 

W « Cl Q Cl Cl Cl cb Cl « CJ CC cb O CO Cl 

5 8 o g , o 

! ^ 1 K 

1% 

OCOf-*«CO^»-tOOOCiO»OiiO^O 
W»£iOCC;_^/MO'^';0«OO'— <00 ‘dOr-^COC) 
w Cl Cl Cl ^ Cl cb Cl Cl Cl Cl CO Cl * C3 fib Cl 6 

Polenske 
value, 
N/10 c.c. 
KOH. 

. 

lO UO lO O O O ic CO 1C lO o 
OfHcpi^i{5'-<t^r-<'^LOoc«a)cp:po<»:pot> 

Clr— 

R. M. 
value, 
N/10 c.c. 
KOH, 

fMfHC0l>0pC0O*^CJOO'«J<OO-^OO^O«» 

fiba5dboi>-^«^Ot^cbdKrHciCi^<i5i^»^00 

CO Cl Cl Cl Cl CO Cl Cl Cl Cl Cl CO Cl »-S CO CO Cl •«-* 

Hehner 
value, 
per cent. 

c»09>ON9ia>^oor^ipv5cpMi>ovatp®<» 

(»o«iLiNr-ti.db^-i>|t.it.totoMcbcbAd5-4 

coosoeoococoooooooociooooaoocccocooo®) 

Saponi- 
fication 
value, 
mg. KOH. 

<^t>oo^wt^aDxco«»^ 

vo<ccot^oociooi'^tboocbt^cb^cbciA 

cococi»-40<--jeo*--»r-»eicir-><cici<53»-«<cococi»-< 

C1(M<MC1C1CIC1C1C1C1C1C3<MC1»-<C1C1C1CJC1 

B, refrac- 
tive index 
at 40°C. 

ipOWOOipipipW.-lOWOMOlpOr^'^'P 
O’^oAcv odjOiLooeoAAdoihooAco 

CO 

eOQOlMt'lt50lOOlOOi«>OOeOOOCOO<MO'^^ 

99cft9905ooj<»o5ociaic5ci3roffl9059 

00000660066060006660 

to 

W 

§ 

< 

> 

Acetic 

acid 

absorp- 

tion, 

per cent. 

<MO. '(S'e'COOOICWOOt'OOOCOOOCOM 
u5'^'vV(covt>ojor'oaeoo®'etwooor~>C' 

Clearing 

tempera- 

ture, 

°C. 

— 

loiooooiaooi^ipwo 

ioioc'«c'rc''0»C5>o666666r^666aej 

eOv»>OlOC^lt3W«Orj<-.J(COV<ffleOQOU5WCOC<30 

Number 
of sample. 

O*-4ClC0a5OClC0ClC0'rJ^i0OJ^"C0O^.^^3i 

r-*i-«r-lr-i^-.<ClClClffOCO€OCOCOfOCC'^'»H'^*V'^ 















Number of sample. 
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Table VI. 

Vegetable ghee. 


51 


52 


63 

54 


VitE-VTA TEST. 



Saponi- 
fication 
v.aliie, 
mg. KOH. 

Rehner 

value, 

per 

cent- 

R. M. 

value, 
N/10 c.c. 
KOH. 

PoIensk6 
value, 
N/10 c.c. 
KOH. 

Clearing 

tempera- 

ture, 

°c. 

Acetic 
acid 
absorp- 
tion, 
per cent. 

Sp. gr. 
at 40°0. 

B. refrac- 
tive index 
at 40°C. 

91 

40 

0-9041 

50*5 

192-4 

92-3 

0-33 

0-05 

50 

42 

0-9043 

50-0 

187-7 

95-3 

0-44 

0-10 

50 

40 

0-9042 

50-2 

187-7 

93-5 

0-16 

0-05 

50 

42 

1 

0-9045 

40-1 

190-0 

93-4 

0-27 

0-05 


Table 


Analysis of bazaar butlers of which the analysis of fats 
is given in Tables II and III. 


Number of 
sample. 

Mixture, 
per cent. 

Curd, 
per cent. 

Salt, 
per cent. 

Colour. 

1 

29-7 

1-81 

m 

Nil. 

2 

17-7 

1-38 

»> 

if 

3 

26-7 

1-49 


if 

4 

22-6 

1-40 


ft 

5 

17-0 

1-19 

1-16 

>9 

18 

19-9 

1-20 

Nil 

it 

25 

17-0 

1-10 

it 

it 

26 

19-0 

1-20 

it 

it 

27 

15-6 

1-50 

* 

if 

tf 

28 

15-2 

2-00 

if 

if 

29 

16-4 

1-40 

0-1 

ft 

30 

12-5 

1-00 

1-0 

ft 
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STUDIES IN CALCIUM AND PHOSPHORUS 
METABOLISM. 

Part I. 

THE CALCIUM AND PHOSPHORUS CONTENT OF THE SOFT 
TISSUES OF NORMAL RATS. 

BY 

V. N. PATWARDHAN, 

AND 

R. G. CHITRE. 

{Dc'parl}»o7il of Phijsiologij, Seth Gordha^idas Smderdas Medical 
College, Parel, Bomiay.) 

[Received for publication, September 27, 1937.] 

Intboddction. 

The major portion of the body-weight of an animal consists of bones, and 
these contain about 99 per cent of the calcium found in the body. The remainder 
is distributed between the soft tissues and the blood. The calcium content of the 
latter has been e.xtcnsively investigated and a fair amount of knowledge gained 
aboiit the normal amount of blood calcium, the state in which it exists, and the 
various conditions which influence both. The soft tissues, however, have received 
comparatively little attention, perhaps, because the amount of calcium in the 
tissues has been found to be small and extremely variable. So far as the blood 
is concerned the amount of calcium circulating in it is, for a particular species of 
animals, constant in health and -unaffected in many diseases. It is appreciabty 
altered, however, in low calcium rickets, osteomalacia, parathyroid tetany, hj-per- 
parathyroidism. chronic glomerular nephritis, and nephrosis (Schmidt " and 
Greenberg, 1935). It is possible that the calcium content of the tissues other than 
blood may Idcewise be altered by diseases characterized by a disturbance in the 
calcium metabolism. That it is so altered, at least, in rickets has been shown by 
Hess, Gross, iVeinstock and Berliner (1932) for the brains of rachitic rats and by 
Haury (1930) for the striated muscle also of rachitic rats. Further, Reed, Dillman, 
Thacker and Rlein (1933) have shown that on administration of toxic doses of 
irradiated eigosterol the calcium content of the soft tissues of dogs was significantly 
increased, while the change observed in their phosphorus content was rather small. 

The data about the level of calcium and phosphorus in the tissues of normal 
animals are scanty. Heubner and Rona (1923) as well as the other workers quoted 
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above liavc reported gross variaiions in tlic amounts of tliese elements in the soft 
tissues of several speeios of normal animals, Denis and Corley (1925) suggest, 
however, tliat the inconstancy might 1)C partly due to the difficulty of obtaiuiug 
a true sample of tissue free from interstitial fat, blood, and connective tissue. 
Burns (1933) showed that in the case of muscle calcium, fat, nerve or connective 
tissue would need be present to tlm extent of 50 to GO per cent of the weight of the 
muscle to appreciably influence the variation in its calcium content ; hence she 
concluded that it was improbable that the major variation observed in muscle 
calcium could be at all ascribed to contamination with other soft tissues. Burns 
further finds that the muscle calcium of rats is not significantly altered in rickets 
and parath}Toid tetany. 

In view of these facts it was felt that some more information about the calcium 
and phosphorus in the soft tissues of normal animals was necessary for the inter- 
pretation of the observed changes due to diseases such as rickets, osteomalacia, 
tetany, etc. Moreover, besides the amounts of these elements the state in which 
they exist in the tissues and their relation to the other tissue constituents are other 
important aspects about which some definite information is desirable. Hence 
it was decided to make a start with the estimation of calcium and phosphorus in 
the soft tissues of carefully selected normal rat.s, the other aspects of this large 
question to be taken up later in the course of these investigations. 


Experimental. 

Since the calcium content of the body of an animal could be markedly 
influenced by its dietary history (Sherman et al., 1936) it was thought that a com- 
parison of the calcium and phosphorus content of the soft tissues of rats of the 
same age fed for a sufficient length of time on the same diet would show less variation 
than has been observed by the previous workers ; the experiments reported belou 
seem to have only partly justified this assumption. 

The strain of albino rats used in these experiments was obtained from the 
Pasteur Institute, Coonoor, South India, and bred locally for over two years. 
Young rats of 28 to 30 days from several litters were kept on diet I (Ca 0'390 per 
cent, P 0'315 per cent, and Ca : P 1*23 per cent) for 17 weeks. At the end of this 
period some of them were subjected to a study of Ca and P balance. 

Ga and P balance . — The rats were kept in metabolic cages which were fixed 
over large glass funnels fitting well into the base of the cages. The stems of the 
funnels were packed lightly with glass wool and the lower ends of the stems opened 
in glass bottles for the collection of mine. A few c.c. of hydrochloric acid were 
added to each bottle to prevent putrefaction. The faeces were collected every 
day from the cages and from the funnels. Food and water were given ad Ub. Ihe 
food was supplied in the form of a coarse powder and the containers were such 
that the food could not be spilt outside them. Every day a weighed quantity of mod 
was kept in the cages ; another weighed sample was dried and the amounts ot a 
and P estimated. The residue from the previous day was similarly treated and 
analysed. _ Thus, the amount of dry food consumed as well as the actual daiy 
consumption of Ca and P were found out. The mine and the fmces collected over 
four days were pooled before analysis. The urines were made to a known volmne 
and aliquot portions ashed. Faeces were dried, powdered, and ashed. The calciun 
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was estimated by precipitation as oxalate and its titration with standard liMnO^. 
Phosplionis was estimated by the Bell and Doisy (1920) modification of Brigg’s 
method. 

Two more batches of six rats each had been kept for 24 weeks on two 
different diets, designated here as diets II and III, for an entirely different purpose. 
It seemed reasonable, however, to use tliem for this ipestigation since the Ca and 
P contents of these diets happened to be very much similar to that of diet I. The 
composition of tliese diets is given in Table I : — 

Table I. 


The composition of the diets. 


Article. 

Diet I. 

Article. 

Diet II. 

Diet III. 

Quantity 
in g. 

Quantity 
in g. 

Quantity 
in g. ' 

Wheat flour 

420 


Wheat flour . . 

170 

170 


Gram flour 

UO 


Polished rice 

170 

170 


Aakoria babyfood . . 

35 


Jouar (Sorglmm vulgare) 

85 

. . 


Feaame oil 

35 


Bajri (Pennueium typhoi- 


85 


Meat paste 

14 


deum). 




Calcium carb. 

3-5 


Tut dahl {Cajaiiw indicus) 

28 

28 


Sodium chloride 

3-5 


Soya beans . . 


28 





Rice bran 

, . 

28 





Ground-nut cake 


14 





Meat and fish 

85 

85 





Begs 

28 






Slum milk (dried) 

21 

28 





Sesame oil . . 

28 

35 





Butter 

21 

14 





Sugar 

57 

57 





Vegetables 

227 

227 


Fats 

1-5 1 



12-2 ) , 

11-5 


Proteins 

* 15*5 

d 


13-6 g 

15-3 

c 

Carbohydrates 

, 77-0 

1 8 


74-3 i S 


r ^ 

Calcium 

0-390 

u 


0-380 S 

0-336 

u 

Phosphorus 

0-315 J 



0-345 j ^ 

0-315 J 


Ca ; P . . 

j 1-23 


1-10 

1-06 


The various articles of the diet were mixed with an adequate amount of water 
and cooked. The cooked food was dried in a current of hot ab at 45 °C. and 
powdered. This amount was sufficient to feed six tats for seven davs. Milk was 
supplied iresli eacL. day. Tke rats ou diet I received 10 c.c. of miUc per rat per 
day. those on. diet II 8 c.c., and rats on diet III i c.c. per rat per day. The figures 
tor calcmin and phosphorus mentioned in the table are inclusive of milk. Four 

groups II and III each were subjected to 
ba and P balance study. The results are given in Table II : 


Ca and P balance. 
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Analyses of the tissues for Ca and P . — was concluded from the balance 
experiments that the calcium and phosphorus requirements of these rats and also 
of those others which were kept under identical conditions but not submitted to 
balance tests were being met from the food, and hence the conditions were deemed 
favourable for a comparison of the Ca and P content of the tissues, as the variations 
in the amounts of these elements were less likely to occur than might be expected 
in a condition of negative Ca and P balance. 

With a view to minimize errors due to a possible contamination with blood 
the rats were bled in the earlier experiments by the introduction of a cannula in the 
abdominal aorta under ether anesthesia before being killed for the removal of 
the soft tissues. But the amount of blood obtained was never more than 3 c.c. 
Fmther as it was felt that the draining of blood by saline, even if possible, would 
remove not only blood but some of the calcium and phosphorus from the tissues 
as well, the procedure was not attempted and bleeding by cannula discontinued. 
The rats were killed by chloroform, the soft tissues — ^muscle (thigh), liver, spleen, 
kidney, testes, heart, lungs, and brain — were removed as quickly as possible, freed 
from extraneous blood by gently pressing between filter-papers and put into 
previously weighed weighing bottles. These were weighed again and dried together 
with the coirtents in a water oven to constant weight. For analysis each tissue 
was transferred as completely as possible to a weighed platinum dish ; a second 
weighing gave the actual weight of the tissue used. It was then ashed according 
to Stolte’s method as described by van Slyke and Peters (1932). The ash was 
dissolved in dilute hydrochloric acid, the solution made to a known volume and 
aliquot portions used for Ca and P estimations. The calcium was estimated 
according to the method of Wang (1935) and phosphorus by the modified Brigg’s 
method. 

SLx rats were analysed from each diet group. The results calculated on the 
moisture-free tissues are given in Tables III and IV. The moisture content for 
all tissues examined varied between 70 and 80 per cent. These tables also include 
analyses of the tissues of six rats dead through starvation. Reference to these 
experiments will be made later. 

For the sake of brevity the values for all the tissues of all the rats examined 
have not been given ; only the maximum, minimum, and mean values being given 
together with the standard deviation. 


Discussion. 

Calcium in the softfissues.—A comparison between the tissue Ca of the normal 
rats of all the three diet groups shows that the mean values for calcium in most 
cases vary from group to group. Among the rats of the same group the variation 
is smallest as indicated by the maximum and minimum figures for 4ch tissue A 
somewhat close approximation is shown between the grouns B and C iTihIp TTTl 
This might be due to many factors among which miht'be inckded^4e a W 
identicd ratio of Ca . P in diets II and III and a similarity in age. The rats in 
groups B and C had an average age of 200 days, while those in groups A and D were 
loO days old. But even between groups B and C variations are^ to be found in 
spite of the similarity of age and Ca : P ratio, for not only the mean values Saho 
the maximum and mimmum values for Ca are different d spleen, testes Searts 
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of rats bclongiug to these two groups. It is evident that the diet has influenced 
the Ca content of the tissues. The influence might possibly be due to the vitarain- 
D content of the diets used, a possibility wliich requires further testing. A reference 
to Table II will show that, although the Ca ; P ratios were not very much different 
for the three diets, Ca and P retentions were not the same in each group. The 
figures for tissue Ca and P, however, do not point to any relation between Ca and 
P retention and the amount of these elements found in the soft tissues. The values 
for muscle calcium reported in this jiaper are losver than those found by Haury 
{loc. cit.). The somewliat higher figures for calcium in the muscles of both the' 
normal and rachitic rats obtained by Haury can be explained by the fact that this 
investigator extracted the muscle with fat solvents l)efore analysis, the amount 
of calcium then being expressed on fat-free muscle. A similar procedure has been 
followed by Hess et al. (loc. cit.) who reported a very high figure for brain 
calcium. 

Certain facts, how'ever, emerge clearly from these results (Table HI). The 
lungs seem to contain the largest and the liver the least amount of calcium found 
in the soft tissues so far examined irrespective of the diet. The brain is next to 
the lungs in its Ca content. In case of the liver the mean value of calcium 
was found to be independent of the diet and was not altered even in extreme 
starvation. 

Phosphorus in the soft tissues. — The amount of total phosphorus (Table IV) 
in the tissues was found to be very much larger than that of calcium as is to be 
expected from the fact that phosphorus is more intimately linlced with the structure 
of the protoplasm than calcium. In this case also large variations were observed, 
and the data are less liable to even as clear an interpretation as in the case of 
calcium. It seems, however, that the brain, spleen, testes, and lungs contain 
more total phosphorus than the other tissues examined. In starvation there 
appears to be an all-round reduction in total phosphorus in the tissues with 
the probable exception of the brain. 

The Ca and P content of the soft tissues of rats in extreme starvation, feix 
rats used for this experiment had been kept on diet I for 17 weeks under 
conditions identical with those for the rats of group A. AITien they were 150 days 
of age food was withheld from them but water was allowed. The death took place 
within six to eight days. Then weight loss and nitrogen, calcium and phosphorus 
excretion were studied. But the fig'tires have not been included here because no 
relation could be established between the excretion of N, Ca, and P nor could any 
inference be drawn about the excretion of Ca and P in relation to their amounts 
in the tissues. After death the soft tissues were removed and analysed as 
in the case of other rats. The results are included in Tables III and IV under 
group D. 

These experiments were designed to investigate whether by starvation the 
tissue Ca could be brought to a level characteristic of any particular tipue and 
representing a functional level. The conception of an ‘ element variable ’ and an 
‘ element coiustant ’ in relation to the fat content of tissues has gained wide accep 
auce due to the work of Terroine (1927) and others. The starvation experiments 
w'ere an attempt to find out analogous relations for the calcium in the tissues. 1 
experiments, however, have failed to yield the desired information. 



Table III. 

The calcium content of the soft tissues of rats. 
Mg. Ca per 100 g. dried tissue. 
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Table IV. 

The 'phosjiliorm content of the soft tissues of rats. 
Mg. P per 100 g. dried tissue. 
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Since tlie diet and tlie conditions of living of tie rats in group D were identical 
witi tiose of rats in group A prior to the starvation of the former, the figures for 
Ca and P in the tissues of the starved rats should be compared with those of rats 
• of group A. The figures in Table III reveal a large increase {] 20 per cent) in calcium 
in the spleen and a much smaller one in the muscles of the starved rats. The calcium 
in the kidney appears to have decreased owing to starvation. The changes in the 
phosphorus oeutent (Table IV) in starvation were small in magnitude and were 
confined to the muscle, lungs, and kidney. 

During starvation the tissue proteins are broken down and consequently the 
tissues lose in weight. In the present experiments the spleens suffered a loss of 
65 per cent on the average and the livers 53 per cent and yet the Ca content of the 
spleens was more than doubled in extreme starvation, while that of the liver was 
hardly affected. It has not been possible to offer an adequate explanation of the 
observed accumulation of calcium in the spleen of the starved rats. 

Further work on the effect of rickets and allied conditions and of dosage 
with irradiated ergosterol on the Ca and P content of the tissues and on the 
distribution of phosphorus in its various' combined forms is in progress and will 
form the subject of later commutucations. 


Summary. 


The soft tissues of normal rats kept on three diSerent diets from 17 to 24 weeks 
have been examined for their calcium and phosphorus content. The soft tissues 
of rats dying of extreme starvation have also been similarly analysed. From the 
results which have been statistically treated the following conclusions can be 
drawn : — 


(1) Large variations in the amount of calcium and phosphorus in the soft 

tissues of normal rats have been observed. The diet seemed to 
influence the mean values of Ca and P, different mean values being 
obtained for each of the diet groups. The difference between the 
inaxrmum and minimum values was found to be least among the 
tissues of rats belonging to the same diet group. 

(2) The Ca ; P ratio of the diets showed no relation to the mean levels of Ca 

and P in the tissues. 

(3) Irrespective of the diet, the lungs contained the highest amount of 

calcium of all the tissues examined, and the liver the least. The 
amount of calcium in the brains was found to be next largest to that 
in the lungs. The amount of phosphorus was found to be greater 
in the brain, spleen, testes, and lungs than in the other tissues 
examined. 


(4) In extreme starvation calcium in the spleens of starved rats increased 

by 120 per cent (average) over that found in the spleens of the 
normal animals. ^ 


(5) The mean value for calcium 
unaltered by change of diet 


in the liver of the normal rats 
or in starvation. 


was 
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We have previously described (Aykroyd and Krishnan, 1936) a type of 
stomatitis occurring in South India, which is very common in malnourished 
children. It has Ireen pointed out that this condition appears to be essentially 
similar to the stomatitis observed in pellagra, though it is, in our experience, not 
accompanied by other signs characteristic of pellagra such as diarrhoea and derma- 
titis. We described its rapid cure by dried yeast, unheated and autoclaved, 
and skimmed milk, and pointed out that the most likely cause of the condition 
was deficiency of one or more of the factors present in vitamin-Ba complex. In 
a later paper (Aykroyd and Krishnan, 1937) an investigation of the incidence 
of stomatitis in a series of residential institutions for children was reported. This 
investigation showed that there is a clear-cut relationship between the disease 
and the quality of the diet consumed ; it is found only when the diet is composed 
almost exclusively of milled rice and contains almost negligible quantities of 
vegetables and other foods. Further experience has fully confirmed the truth of 
this observation. If stomatitis is present in a boarding school, the diet is invariably 
found to be of the type described, and it is a simple matter to eradicate it by 
suitable dietary modifications. 

. . rapid response of the disease to treatment makes it possible to study 
tauly easily the effect of different foods. In the present paper we report the results 
of giving eggs, soya bean, and yeast autoclaved in an alkaline medium to children 
suffering from stomatitis. 


( 013 ) 
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The tueatmknt of stomatitis. 

Tlie following is a general description of the cases treated : — ■ 

White patches were present at the corners of the mouth ; closer inspection 
usually revealing an ulcerated lissure. The mucous membrane of the tongue 
was red and eroded, this being particularly marked at the sides and tip. 
Fissures were sometimes present on the siu'face of the anterior part of the 
tongue. The patient complained that the mouth was ‘ sore and eating was 
usually painful. 

The earliest effect of successful treatment is a disappearance of the sensation 
of pain. This may occur in a few days. Subsequently the patches and erosions 
at the labial angles disappear and the tongue assumes a normal appearance. 
Fissmes on the tongue may persist after the rawness has disappeared. 

The cases given treatment were all boys of ages ranging from 8 to 16. 
Nearly all were living in boarding schools, and during the period the supplement 
was given they continued to consume the diets which had led to the development 
of stomatitis. These diets were of the defective type previously described (Aykroyd 
and Krishnan, 1937) ; i.e., they were largely composed of milled rice and contained 
little or no milk, and inadequate amounts of vegetables. 

Eggs . — Seven boys in all were treated, three in one institution and four m 
another. In three cases, one egg daily for 32 days produced definite improvement, 
but not complete disappearance of all signs. Two eggs were then given daily for 
20 days, and complete cure resulted. The four boys given three eggs daily were 
cured in three weeks. 

Other pupils in the institutions on the same diet without the addition of eggs 
showed no improvement during the same period. 

Soya bean . — Five cases in a boarding school receivecl 1‘5 oz. daily of soya 
bean for 32 days and 3 oz. daily for 32 days. The beans were given whole, being 
cooked until soft. No improvement was observed in any' of the boys, and one 
case became worse. In the same period three boy^s in the same school were cured 
by eggs. 

Alkaline autoclaved yeast . — The yeast given was autoclaved for five hours at 
130°C. at pH 9-2 and subsequently neutralized ; this procedm'e destroys vitamm 
Bi and the flavin component of the vitamin-Ba complex. The absence of flavin 
was confirmed by chemical test. Eight boys in all were treated, the dose 
being 0‘5 oz. per day. Of four cases in a boys’ hostel, three were 
completely cured after receiving 26 oz., while the remaining case showed 
definite improvement. The efl'ect of treatment on four day-school boys m 
Coonoor and neighbourhood was also observed. These boys belonged to the 
poorest classes and their diet was largely'^ milled rice ; it could justifiably e 
assumed that no change in the diet consumed at home was likely to oecur 
during the period of treatment. The improvement when the yeast (0‘5 oz. dai y) 
w'as given was immediate and unquestionable. Within a few days soreness o 
the mouth had disappeared and the boys expressed theh delight at the improve 
meiit. Alter 10 oz. to 14 oz. of ymast had been taken signs of stomatitis 
completely disappeared in three cases, and were only slightly visible in the fourm. 
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Discussion, 


The following summarizes the existing knowledge about the distribution of 
the ‘ anti-stomatitis ’ vitamin in foodstuffs, based on clinical observation : — 


Milled rice , . 

Millet . _ 

Milk, including skimmed milk 
Yeast (unheated) 

Yeast (autoclaved) 

Yeast (autoclaved in alkaline medium) 
Eggs 

Soya bean . . 

Liver 

* Aykroyd and Krislinan (1936). 
t Idem (1937). 


. . Absent.'-i^ f 

. . Preseat.f 

. . Abundantly present,* 

• • >> >> § 

* • 11 j> t 

„ t 

, . Poor or lacking in 

the factor.^ 

. . Abundantly present.§ 

+ Present investigation. 

§ I.andor and Pallister (1035). 


It will be observed that the distribution of the ‘ anti-stomatitis ’ factor, in 
so far as it is at present known, appears to correspond to that of pellagra-preven- 
tive (P-P) factor. The observation that alkaline autoclaved yeast cures 
stomatitis is of importance. Yeast so treated lacks flavin, so that flavin can be 
eliminated as the responsible factor. Similarly it has been observed that flavin 
has no curative effect on pellagra, nor does it cure black-tongue in dogs (Dan, 
1936 ; Birch, Gyorgy and Harris, 1935). 

It seems unlikely that stomatitis is due to deficiency of vitamin Bo. This 
vitamin is apparently present in abundance in whole cereals (Birch et al.^ loo. cit.). 
Copping (1936) found that there was loss of vitamin Be from cereals on milling, 
but reported that milled cereals, including milled rice, contained fair quantities 
of the vitamin. According to figures given by Birch and his co-workers, skimmed 
milk, which is effective against stomatitis, is not a rich source of vitamin Bq. 

The ‘ anti-stomatitis ’ vitamin is probably identical with the factor in the 
vitamin-Be complex which is effective in treating human pellagra (Pouts, 
Lepkovsky, Helmer and Dukes, 1936), and which cures black-tongue (Koehn 
and Elvebjem, 1937). It seems more than probable that the factors which have a 
curative effect on pellagra, stomatitis and black-tongue are one and the same. If 
this is so, we are faced with the problem why the consumer of milled rice in 
contradistinction to the maize-eater, develops oMy one symptom of pellatrra and 
escapes the rest. Stomatitis when severe may be unpleasant and its victims are 
usually in a very poor ‘state of nutrition’. Hevertheless it cannot, as usvally 
observed, be described a serious condition, while pellagra is a formidable disease 
with a heavy mortality. 

Summary. 

1. Stomatitis occurring in children living on a diet largely composed of milled 
nee can be cured by eggs and yeast autoclaved in an alkaline medium. Sova bean 
has no curative effect. ^ 

n p’p ? probable that the factor which cures stomatitis is identical with 
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SKIMMED MILK AND THE GROWTH OE SCHOOL 

CHILDREN. 

BY 

B. G. KIIISHNAN. 

WITH A STATISTICAL NOTE 

BY 

K. MITRA. 

{Nutrition Research Laboratories, 1. R. F. A., Coonoor, S. India.) 
[Received for publication, September 30, 1937.] 


In an earlier series of experiments (Aykroyd and Krishnan, 1937), tke effect 
of adding liquid skimmed milk reconstituted from powder to the diet of children 
in residential hostels was investigated. The result was an acceleration in growth 
and a marked improvement in general condition. The present paper describes 
investigations similar in principle but carried out with day-school children of the 
poorer classes. The children in the residential hostels were consuming diets of 
known composition, apparently sufficient to cover calorie requirements, whereas 
little information was available about the diets of the children included in the 
present investigation beyond the fact that they were probably deficient in quality 
and quantity. The investigation of the effect of giving milk to children not living 
in institutions was of obvious importance. A further point of novelty was that, 
in one of the experiments recorded here, liquid separated milk of local origin 
was used instead of milk reconstituted ffom imported powder. Owing to 
expense and other considerations, the number of children included in these 
experiments was limited. 


Experiment A. 

This investigation was carried out in a poor class area in one of the suburbs 
of Madras City. Eorty boys were selected and were divided at random into two 
groups of 20 each. The boys appeared to be typical of the class of children living 
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in the locality, their ‘ state of nutrition as evidenced by general appearance 
and the presence of stomatitis, being extremely poor. Their ages lay' between 
six and twelve. In the first group each boy received daily 8 oz. of licpiid skinuned 
(separated) milk supplied by the Co-operative 'Milk Supply Union in Madras, while 
the boys in the other group did not receive any supplement to their diet. The 
experiment was carried on continuously for three months during the hot season. 
One boy in the group not receiving milk failed to appear when the group was 
being weighed at the end of the experiment. 

The boys were weighed and measured at the beginning and end of the three • 
months’ period, an Avery’s lever balance being used. Increases in height and 
weight were as follows ; — 

Group I. Skimmed (separated) milk group — 

Average increase in weight = 1‘91 lb. 

Average increase in height = O'fifi inch. 

Group II. (Not receiving separated milk) — 

Average increase in weight = O'Sl lb. 

Average increase in height = 0'37 inch. 

The difference in the weight and height increments in the two groups is 
significant (vide Ajipendix A). 


Experimekt B. 

This experiment was organized to provide a demonstration of school-feeding 
methods aird of the value of a milk supplement, for a group of Health Officers from 
various provinces undergoing a training course in nutrition in Coonoor. 

Boys and girls from a day school in Coonoor situated close to the Laboratories 
were selected for the experiment. They belonged to the families of poor labourers 
or domestic servants, and it is probable that the diet they consumed at borne con- 
sisted largely of milled rice. Forty-eight boys and thirty-six girls were collectec 
for the experiment. The boys were divided at random into two groups of 24 eacii 
and the girls into two groups of 18 each. Their ages ranged from six to twelve. 
One group of boys and one group of girls were given 8 oz. of skimmed milk recon- 
stituted from powder daily, while the second group of boys and girls was giveii 
1 oz. of ordinary biscuits composed chiefly of refined wheat flour, yielding abou 
the same number of calories as the reconstituted skimmed milk. The experinien 
was carried on for 10 weeks. The children were weighed and measured at ic 
beginning and end of the period. Increases in weight and height were as follows . 


Boi/s : Skimmed miUc group — 

Average increase in weight == 1'53 lb. 
Average increase in height = 0'61'inch. 
Biscuit group — 

Average increase in weight = 0‘09 lb. 
Average increase in height = 0'33 inch. 
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These differences are statistically significant (vide Ai)pendix B). 

Girls : Skimmed millr group — 

Average increase in weight = 131 lb. 

Average increase in height = 0'67 inch. 

Biscuit group — 

Average increase in weight = 0'90 lb. 

Average increase in height = 0‘37 inch. 

Two girls in the group receiving millc left the school during the experiment and 
hence the number in this group dropped to 16. The difference in the height 
increments was significant statistically, the difference as regards weight increases 
being non-significant (girls). 

In all the experiments, the children receiving the skimmed milk showed an 
evident improvement in general condition. 

It costs about Re. 0-12-0 per month to supply a child daily with 8 oz. of 
liquid milk reconstituted from’skimmed milk powder. The 8 oz. of fresh skimmed 
milk given in Experiment A cost about the same, Re. 0-11-3, per child per month. 
The present experiments confirm the earlier ones carried out in boarding schools 
and show that skimmed milk will benefit day-school children who may be consuming 
an insuificieht and unsatisfactory diet in their homes, and it is felt that this method 
of school feeding may be strongly recommended to educational authorities. 
Undiluted butter-milk has the same nutritive value as the fresh skimmed milk 
given in Experiment A. 


Summary. 

The addition of fresh liquid skimmed milk and milk reconstituted from powder 
to the diet of day-school children produced an enhancement of growth and an 
improvement in general condition. 
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A STATISTICAL NOTE ON THE EXPERIMENTS WITH 

SKIMJIED MILK. 


BY 

K. MITRA, M.B., D.p.ir., d.t.m. & ii., 

Public Health Department, Bihar. 

APPENDIX A. 

Experiment A. 

The average heights and weights in the two groups of boys at the beginning 
of the experiment were not identical, but the statistical constants of the attributes 
do not differ significantly as would appear from Table 1. In spite of the subtle 
disabilities associated with the verdict ‘ not significant there seems to be a 
likelihood of both the groups being sampled at random from the same infinite 
population. 

Table I. 


Analysis of the statistical constants obtained from the grouping of the 

initial heights and xveights. 



■Weight i. 

POUNDS. 

Height in inches. 


S group. 

N-S group. 

S group. 

N-S group. 

Number in the sample 

20 

19 

20 

19 

Mean of the sample . . 

45-8750 

43-4737 

48-2375 

47-4211 

Standard error of the mean 

2-0832 

2-0685 

0-8397 

0-9430 

Difference between the two means 

2-4013 

0-8164 

Standard error of difference 

2-9484 

1-2623 

Difference 

S. E. of difference 

0-8144 

0-6462 

Significance 

Not significant. 

Not .“lignificant. 


One group consisting of 20 boys (skimmed milk group=S) were put on skinuned 
milk, and another group, comprising 19 boys (non-skimmed milk group=^'°) 
served as control. The alterations in height and weight observed at the end ot 
three months have been analysed, and are shown in Table II. It is quite apparent 
that the S group gained more height and weight than the N-S group, and the 
deviation observed in the case of each of the attributes is significant statistically- 
Table III shows the variations of the true mean of the height and weight increments 
in the N-S group, and the extent by which the sample mean of the S group exceec s 
the maximum range of the variation of the means in the former group. 
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An attempt was made to find out if there was any association between the 
increment of weight and increment of height in each of the groups separately . The 
biserial r for the S group was — 0-0371 ± 0-2236, and that for the other group 
— 0-0267 ± 0-2-294:. In other words, the increment of height in each of the groups 
was not responsible for the gain in weight observed. 

Consequently, on statistical grounds alone, it may be safely presumed that 
the boys fed on skimmed milk put on more weight and height than the boys in 
the control series. 

Table II. 

Analysis of the statistical constants obtained from the increments of height 
and weight in the two groups at the conclusion 
of the experiment. 



Ikckement or weight ik 

POUNDS. 

' Increment op height in 

INCHES. 

S group. j 

1 

j N-S group. 

S group. 

. 1 

N-S group. 

Number iu tbo sample 

20 

1 

10 ! 

20 

19 

Mean of the sample . . 

1-9126 

0-8421 

0-6625 

0-3684 

Standard error of the mean .. i 

0-2347 

0-2943 

0-0619 i 

0-0690 

1 

Difference between the two means j 

1-0704 

0-2941 

Standard error of difference . . j 

1 0-3764 

0-0860 

Difference i 


1 



S. B. of difference 

2-84 ! 

3-42 

Significance 

Significant. j 

Significant. 


Table III. 


Ranges of variation of the mean increments in height and weight. 


Attributes, 

Estimated sanqe outside whicii the tbue 
MEAH OF THE N-S <3KO UP MAY NOT LIB EN 

1 

Extent .by which the 
SAMPLE mean of THE 

S GHOUP EXCEEDS 

THE MAXniHSI BANOB 

OF VARUTION of THE 
MEAN OF THE N-S 
OROHP AT 

5 SAMPLES OUT OP 

100. 

1 SAMPLE OUT OF 

100. 

Minimum. 

Maximum. 

Minimum. 

Ma-ximnm. 

I 5 per cent 

1 level. 

1 per cent 
level. 

Weight (lb.) . . 

Height (inches) 

0-2633 

0-2510 1 

1-4189 

0-485S 

0-0769 
0-2127 j 

1-6073 

0-5241 

0-4936 

0-1767 

0-3052 

i 0-1384 
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APPENDIX B. 


Experiment B. 

1 . Boijs. 

Analysis of the figures for initial height and weight of the experimental group 
of boys receiving skimmed milk (S) and the control group receiving biscuits (Bis.) 
reveals that the two groups did not differ significantly as regards any of the attri- 
butes. The respective statistical constants have been calculated and are compared 
in Table IV 


Table IV. 


Analysis of the statistical constants obtained from the grouping of the 

initial heights and zeeights. 


1 

Height in inches. I 

i 

Weight in i.e- 

1 

S group. 

Bis. group. 

j S group. 

Bis. group. 

Individuals in tlio samples 

1 24 

24 

1 24 ^ 

24 

Mean of the samples 

1 42-78 

44- IQ 

I 37-03 

40-59 

S. E. of the mean . . 

i 0-91 

0-79 

1-62 i 

1-66 

Difference between sample means 

i 1-38 

1 3-fi6 

S. E. of difference 

i 1-21 

' 2-32 

Difference 

S. E. of difference 

Significance , . . . 

1-14 

Xot significant. 

1-53 

Not significant. 

1 


The increments in height and weight observed at the end of 10 weeks were 
greater in the case of the group receiving skimmed milk. To discover whether 
these differential increases could be due to chance alone the indices of significance 
have been worked out and are given in Table V : — 


Table V. 

Analysis of the statistical constants obtained from the height and 
weight increments on the two groups at the conclusion 


of the experiment. 


Height in inches. 

Weight in r,B. 

S group. 

Bis. group. 

S group. 

Bis. group- 

ilean of the samples ,, p.gl j O .33 

S. E. of the means . . , , 0-06 1 0-05 

Difference between sample means 0-28 

S. E. of difference . . . . n.po 

Difference 

.S. E. of difference ’ ' ' ’ j 3-41 

Significance .. ■ Significant. 

1-53 

0-24 

1 - 

0 - 

.3- 

Signifi 

0-09' 

0-30 

44 

38 

75 

cant. 
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The sample means of the increment in height and weight were subjected to 
further analysis, and the maximum positive variation outside which the true mean 
of the biscuit group may not lie at 1 per cent and 5 per cent levels of significance 
was calculated on the theory of probability, and compared with the respective 
figures of the S group. The'results are given in Table VI 


Table VI. 


Ranges of variation of the mean increments in height and tveight. 



1 

1 

ESTnrATEl> BAHQE ODT3Ii>E 
WHICH THE MEAK OF THE BlS, 
GROUr MAY NOT LIE IN 

Extent t.i which the 

i SAMPI-E mean OE INCHEMENTS 
m THE S OBOHP EXCEEDS 

THE JlAXIMirJI EANOE OF 
VAHIATIOK IN THE BiS. GBOHP. 


i 

6 eases out 
of 100. 

! 

1 case out 

1 of 100. 

1 

1 0 per cent * 

1 level. 

1 per cent 
level. 

Weight (Ih.) 


0-68 

0-77 

1 

0-76 

Height (inches) 

•• 

0-43 

0-46 

i 

1 0-18 

! 

1 

0-15 


From the above results it may be safely concluded on statistical grounds alone 
that the addition of skimmed milk caused a significant increase in height and 
weight in the boys receiving skimmed milk as compared to the control series 
receiving biscuits. 

2. Girls. 


The experiment was repeated on two groups of girls. The skimmed milk 
group (S) consisted of 16 individuals and the biscuit group (Bis.) of 18. The mean 
initial heights and weights of the S group were 43-80 inches and 39-63 lb., while 
respective figures for the Bis. group were 44-43 inches and 40-61 Ib. The incre- 
ments in height and weight observed at the end of 10 weeks show a diSerential 
increase (in the case of each of the attributes) in favour of the S group. In order 
to discover whether the enhanced increment in height and weight noted in the 
S group was ‘ real ’, Fisher’s ‘ t ’ was calculated in the case of each of the attributes 
the results being shown in Table VII. This particular test was chosen since the 
number of individuals iu each group was less than 20. 

It is appMent from Table VII below that the enhanced increment in height 
in the case of girls receiving skimmed milk is significant, whereas the increment 
m weight is not sigmficant as compared to the control group of girls receivino- 
hisciuts In interpreting the results it should be noted that the verdict ‘smrd! 
ficant has a defimte positive value, whereas ‘ not significant ’ does not inrolv 
anythmg beyond not proved ’. 
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Table VII. 


ShUisllcal (hid relating to height anil iveight increments [girls). 



j iNOUKMUNTd J[EIOnT 

1 (INCUES). 

Incremekts weiget 
(PO l'.NI)S). 


1 S group. 

1 

Bis. group. 

S group. 

Bis. group. 

Individuals in tlio group 

IG 

IS 

10 

18 

Mean of the sample . . . . 

0-6719 

0-3750 

1-3125 

0-9028 

Difference between the means in 
favour of S group. 

1 

0-29G9 

0-4097 

Value of ‘ t ’ 

3-571C 

0-9752 

Degrees of freedom . . 

32 

1 

32 

Value of ‘ p ’ 

Beyond 0-01 level. 

1 

Between 0-4 and 0-3 level. 

Significance 

1 

Significant. 

1 

1 

Not significant. 
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A DIET SURVEY OE A GROUP OE SIKH SOLDIERS. 

BY 

K. L. SHOURIE, 

AND 

NARINDRA SINGH. 

{Nutrition Research Laboratories, I. R. F. A., Coonoor, S. India.) 


[Received for pubUcation, September 30, 1937.] 

Owing to tlie paucity of infotmation about tbe diet lequirements of Indians, 
tbe study of the diets consumed by well-fed groups is of interest and value. The 
results provide a standard of comparison by means of which the diets of other 
groups, in which food intake is restricted by poverty, may be evaluated. The 
present paper describes an investigation of the diets of 20 Indian soldiers stationed 
in Wellington in the Nilgiri Hills, about 6,000 feet above sea-level. The inejuirj' 
lasted three weeks, and was carried out on an individual basis. 

The ages of the subjects lay between 22 and 40. Sixteen of the group were on 
ordinary regimental duty, three were cooks, and one was a sweeper. All except the 
sweeper were Punjabi Sikhs. Their general health was reported to be excellent ; 
none had been in hospital, except for minor injuries, for the previous two years. The 
photograph (Plate XX) gives a good idea of their general physique. The weights 
of the 19 Sikhs ranged between 99 lb. and 159 lb. ; height between 60 inches and 
70-75 inches. Weights were taken at the beginning and end of the investigation, 
and showed practically no alteration during the interval. 

Method op investigation. 

The service ration per man daily is as follows ; — 


Wheat flour 

■ • 


. . 1-5 lb. 

Pulses 



. . 3 oz. 

Potatoes . . 



. . 2 

Ghee 




Sugar 

• • 


• ‘ " jj 

. • 1'5 oz. 


( 655 ) 



656 A Diet Survey of a Groiup of Sihli Soldiers. 

This ration yields about ICO g. of protein, 578 g. of fat, 590 g. of carbohydrate, 
and has an energy value of about 3,280 calories. 

Kations are issued for every 10 days from the general military stores, being 
then brought to the substore in the platoon barracks, from which an issue is 
made for each meal. We weighed each 10 days’ ration as a general check 
on the accuracy of the individual studies. The platoon has a connnon mess. 
We visited the mess kitchen twice daily and weighed all foodstuffs before 
cooking, only the edible portions being weighed. In order to study individ- 
ual intake, the number of ‘ chapattis ’ (unleavened whole-wheat cakes of very 
constant weight) consumed by each individual for 12 days was counted. The 
average weight of a ‘ chapatti ’ was previously determined. In the case of 
legumes and vegetables, it w'as impossible to record individual intake and 
this could only be deduced by dividing consumption of the whole group by 
the number of mouths. It is probable that this part of fhe ration was very 
evenly divided among the men. 

We found that it wms the habit of the soldiers to supplement the mihtary 
ration by buying condensed skimmed milk, vegetables, ghee, and other foods. 
Intake of these extra foods was, recorded on an individual basis. 

In calculating the nutritive value of the diets, the figures given in Health • 
Bulletin No. 23, ‘ The Nutritive Value of Indian Foods, and the Planning 
of Satisfactory Diets ’, were employed: Averages for the group are given 
in Table I and individual records in Table II. Table III describes the 
diets of five individuals in terms of actual foodstuffs ; these may be taken as 
typical of the whole group. 


Table I. 

Average intake of calories, ‘proximate principles, calcium, 
phosphorus, and iron per man daily. 


Protein, g. 

. . 10 -i 

Calcium, g. 

, . 0-71 

Fat, g. 

! 

68 

Phosphorus, g. 

. . 2-0 

Carbolij'drate, g. 

. . 6.34 

Iron, mg. 

..44 • 


Calories 


, . 3,565 



Plate XX. 



Two members of the group of Sikh soldiers iuvestigated. 




Individual intake. 
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Table HI. 

Comjiosilion of the diet of various individuals (grammes daily). 



Subject 
No. 1. 

I Subject 

i No. 7. 

1 

•Subject 
No. 11. 

Subject 
No. 12. 

Subject 
No. 14. 

Whole wheat flour 

.■>10 

010 

642 

603 

028 

Rice . . 

•10 

' 40 

45 

48 

45 

Pulses 

SO 

80 

80 

so 

80 

Leafy vegetables 

M 

7 

7 

7 

7 

Potatoes 

G7 

51 

64 

54 

66 

Other vegetables 

130 

99 

93 

106 

103 

Fruits 


16 

48 

93 

69 

Hfeat . . 

•12 

13 

30 

26 

28 

Milk (whole) 

33 

35 

33 

33 

33 

Milk (skimmed and sweetened) 

31 

16 

3 

3 

3 

Ghee . . 

92 

no 

46 

96 

65 

Sugar 

84 

60 

51 

71 I 

58 


The items grouped under a common head in the above table werP as follows 
Pulses Bengal gram, black gram, green gram, and dhal arhar. 

Leafy vegetables — Cabbage, coriander leaves, and fenugreek. 

Other vegetables Badish, turnip, beetroot, carrot, onion, cauliflower, brinjal, vegetable 
marrow, pea, knol-khol, tomato, and bitter gourd. 

Fruits— Plantain, mango, orange, and bill guava. 

Mpat — Mutton and foAvl. 


Discussion. 

Intake of calories was higli. It is to be observed that the soldiers were strenu- 
ously employed. The barracks are situated on an elevation of some 120 feet above 
the mule stables, which the men visited some five to seven times a day. Tbeir 
ordinary regimental duties included parades, route marches, the care of the mules, 
etc., and in addition they indulged in sports. The high calorie intake is in contrast 
o hat observed in the case of poor South Indian village families, which is usually 
considerably less than 2,500 calories per ‘ consumption unit ’ or ‘ adult man ’ daily- 
he soldiers were living in the comparatively cool climate of the Nilghis, and more 
energy is requmed for heat production in the hills than in the plains. Keveitheless 
let surveys ot tea plantation coolies living at the same altitude have revealed an 
average calorie intake which is about two-thirds of that of the military group. The 
present mvestiga^on shows that a group of active Indians wiU consume as_much 
ood as a group of active Europeans, and it is probable that the low calorie intake 
0 nc lans or the poorer classes is due to want rather than to race or climate. 


K. L. Shourie and N, Singh. 


659 


Protein . — The average daily intake of protein exceeded 100 grammes. It was 
ill excess of that suggested by Sherman (1933) and the League of Nations Technical 
Commission on Nutrition (1936) which was one gramme per kg. of body-weight. 
Very little animal protein was included in the diet ; intake was in the neighbour- 
hood of 6 to 7 grammes daily. The percentage of total protein intake supplied 
by animal protein was therefore about 7 grammes, which is lower than that 
recommended in the standard textbooks. 

Fat . — ^Fat intake was adequate, and of the total average consumption, which 
reached 68 g., 54 g. were animal fat. 

Mineral salts . — The intake of phosphorus, calcium, and iron exceeded text- 
book standards. 

Vitamins . — The diet was rich in vitamin A and carotene, the former being 
supplied by ghee. At a rough estimate intake of International Units of vitamin 
A was about 3,000 per day. This corresponds with the intake usually recom- 
mended as satisfactory. 

Owing to its high content of whole wheat, the diet was rich in the B group of 
vitamins. Average daily intake of vitamin Bi exceeded 1,500 Intprnational Units. 
Vitamin C was also present in sufficient amount. 

Haemoglobin . — The hjemoglobin content of the blood was investigated by 
the colorimetric method described by Sankaran and Bajagopal (1938), and the 
results are stated in terms of grammes of hsemoglobin per 100 c.c. of blood. The 
figures are as follows ; — 


Table IV, 


Haemoglobin fer 100 c.c. of blood. 


Number. 

Amount of 
hsemoglobin 
present in 
iOO c.o. of 
blood. 

Number. 

Amount of 
haemoglobin 
present in 
100 c.c. of 
blood. 

1 

17-51 

11 .. 

21-61 

2 

“ 

18-8.8 

12 .. 

20-01 

3 

24-20 

13 .. 

19-43 

4 

21-61 

14 .. 

19-81 

5 

17-97 

15 .. 

23-11 

6 

21-61 

16 .. 

17-81 

7 

21-85 

17 

23-23 

8 

21-61 

IS .. 

24-64 

9 

20-62 

19 .. 

21-06 

10 

19-91 
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These figures are very much in excess of textbook averages, which may be 
ascribed to the fact tliat tlic subjects were Jiving at a liigh altitude. 

Blood ‘pressure . — Tlie systolic blood pressure of the individuals forming the 
group ranged between 110 mm. and 122 mm., and the diastolic between 60 mm. 
and 80 mm. These figures arc within the normal limits. 


SUiMMAUY. 

(1) A diet survey of healthy Sikh soldiers has been carried out. The diet 
was found to have a high energy content and w'as adequate in respect of total 
protein, fat, vitamins, and mineral salts. 

(2) The group showed a high hmmoglobin figure, presumably due to altitude. 
Systolic and diastolic blood pressures were Avithin normal limits. 
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STUDIES ON VITAMIN -A DEFICIENCY. 

Part III. 

LESIONS OF THE PERIPHERAL NERVOUS SYSTEM. 

BY 

M. V. RAHHAKRISHNA RAO. 

(Nutrition Research Laboratories, I. R. F. A., Coonoor, S. India.) 

[Eeceived fm- publication, September 30. 1937.] 


Apart from xeropEtlialmia, several workers have described lesions of the 
nervous system, shown by degeneration of the myelin sheaths, in experimental 
animals subsisting on diets low in carotene or vitamin A. Zimmerman (1933), 
and Zimmerman and Cowgill (1936) described muscular weakness, inco-ordination, 
and, in severe cases, paralysis of the hind legs in albino rats fed on vitamin-A 
deficient diets. These workers observed degeneration of the medullary sheaths 
of the brachial plexus, the sciatic nerves and the sensory tracts on the periphery 
of the spinal ebrd and in the posterior columns. Hughes, Lienhardt and Aubel 
(1929) reported that in pigs, chickens and cows, lack of vitamin A in the diet 
resulted in marked nervous disorders, characterized by impaired vision, inco- 
ordination and spasms. Histological examination revealed degeneration of the 
nerve bundles in the optic, sciatic, and femoral nerves and scattered degeneration 
in the spinal cord. Similar symptoms and histological evidence of nerve degenera- 
tion in swine were observed by'Hart, Miller and McCollum (1916), Wehrbein (1916), 
and Biester and Murray (1933). Hart and his co-workers (loc. cit.) ascribed the 
degenerative changes in the nervous system to a toxic factor in the wheat kernel, 
although the rations employed by these workers were low in vitamin A and the 
addition of alfalfa or commercial meat scraps prevented the occurrence of nervous 
symptoms. Mellanby (1926 to 1935) described lesions of the central and peripheral 
nervous systems produced in young puppies -and rabbits by diets containing a 
large amount of cereal (other than yellow maize) and deficient in vitamin A and 

carotene. Degenerative changes were most marked in the ascending fibres both 

exogenous and endogenous— in the central nervous system, and the afferent fibres 
in the peripheral nervous system. Nervous disorders accompanying avitaminosis 
A have also been described by Steenbock, Nelson and Hart (1921-22) in the 
dog, by Elvebjem and Neu (1932) and Seifried (1932) in chicks, and by Kinaerv and 
Kmgery (1925), Aberle (1934), and Duncan (1930) in albino rats. ° ^ 
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Studies on Vitamin-A DeJiciencij. 

Most of the above-iiicntioned workers used the Marchi and other osmic acid 
techniques for the detection of degenerative clianges in the nervous system. 
Recently, Sutton, Setterfield and Ivrauss (1934), and Setterfield and Sutton (1935) 
have applied the polarized light technique in the study of degeneration of 
myelinated nerves occurring in vitamin-A deficiency in white rats. Their findings 
are in agreement with those described by the other workers mentioned above. 

Opinion, however, is not unanimous regarding the relation of vitamin-A 
deficiency to changes in the nervous system. Conflicting results have been obtained 
by other workers. AVolbach and How’e (1925), who made an exhaustive study of 
the tissue changes following deprivation of vitamin A in the white rat, found no 
degenerative lesions in the brain, cerebellum, sympathetic ganglia, and ganglian 
cells of the myenteric plexus. An investigation of the peripheral nerves was not 
made by these workers, as the animals showed no symptoms of nervous disorder. 
Suzman, Muller and Ungley (1932) found no degenerative changes in the spinal cord 
of dogs fed on a high cereal diet deficient in vitamin A. Stockman and Johnston 
(1933), and Elder (1935) found demyelination of the nerves in animals fed on diets 
adequate in vitamin A. No significant changes in the central nervous system 
were noticed by Grinker and Kandel (1933), AVeil and Davison (both quoted by 

Sweet and K’Ang, 1935), in experimental vitamin deficiency in monkeys and rats. 

More recently Eveleth and Biester (1937) have shown that myelin degeneration of 
the spinal cord and peripheral nerves in swine mav be caused by dietary factors 
other than deficiency of vitamins A and B. They observed severe myehn degenera- 
tion in dogs fed on a diet which contained vitamins A, B complex, D, and E. 

Several workers have described lesions of the peripheral nerves in annuals fed 
on a diet deficient in the vitamin-B complex (McCarrison, 1921 ; Cowgill, 1921 ; Stern 
and Findlay, 1929 ; Zimmerman and Burack, 1932 ; Gildea, Castle, Gildea and 
Cobb, 1935 ; Lee and Sure, 1937 ; and others). Stockman and Johnston (foe. cit.), 
who produced nerve lesions in monlceys by feeding a high cereal diet adequately 
supplemented by vitamin A, ascribed the degeneration to toxic substances con- 
tained in cereals. Mellanby (foe. cit.) similarly attributed the lesions of the nervous 
system produced in animals by diets containing a large amount of cereals, and 
deficient in vitamin A or carotene, to cereal toxins. Nervous lesions have also 
been ascribed to a deficiency of calcium (Corlette, 1928, 1929) and vitamin E 
(Evans and Burr, 1928). 

Wolbach (1937), in a recent contribution dealing with the pathologic changes 

residting from vitamin deficiency, maintains that further work on the subject is 
necessary to establish a specific relation between vitamin-A deficiency and inyebn 
degeneration, since the latter is common to so many disorders of man and animals 
and may be the result of several vitamin deficiencies and diverse causes. For the 
present, Wolbach {Joe. cit.) regards nervous lesions as being among the late secondary 
consequences of vitamin-A deficiency. 

There is thus some confliction of evidence regarding the relation between 
yitarain-A deficiency and nerve lesions. The present paper reports a systematic 
investigation of the peripheral nerves in vitamin-A deficient animals, which was 
undertaken to throw light on the problem. The subject is one of practica 
iinportance on account of the frequency with which clinical conditions associate! 
with vitamin-A deficiency occur in South India. 
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]\rost of the nhove-niciitioiiccl workers used the j\Iarchi and other osmic acid 
techniques for the detection of dcgcncrntivc changes in the nervous system. 
Recently, Sutton, Sctterfield and Krauss (lOlhJ). and >Setterfie]d and Sutton (1935) 
have applied tlic polarized light technique in the study of degeneration of 
myelinated nerves occurring in vitamin-A deficiency in white rats. Their findings 
are in agreement, with those described by the other workers mentioned above. 

Opinion, however, is not unanimous regarding the relation of vitamin-A 
deficiency to changes in the nervous system. Conflicting results have been obtained 
by other workers. AVolbach and Howe (1 925), who made an exhaustive study of 
the tissue changes following deprivation of vitamin A in the white rat, found no 
degenerative lesions in the brain, cerebellum, sympathetic ganglia, andganglian 
cells of the myenteric plexus. An investigation of the peripheral nerves was not 
made by these workers, as the animals showed no s 3 "mptoms of nervous ^sorder. 
Suzman, Muller and Ungley (1932) found no degenerative changes in the spinal cord 
of dogs fed on a high cereal diet deficient in vitamin A. Stoclcman and Johnston 
(1933), and Elder (1935) found demyelination of the nerves in animals fed on diets 
adequate in vitamin A. No significant changes in the central nervous system 
were noticed by Grinker and Kandel (1933), "Weil and Davison (both quoted by 

Sweet and K’Ang, 1935), in experimental vitamin deficiency in monkeys and rats. 

More recently Eveleth and Biester (1937) have shown that myelin degeneration o 
the spinal cord and peripheral nerves in swine may be caused by dietary lactors 
other than deficiency of vitamins A and B. They observed severe myehn degeneia- 
tion in dogs fed on a diet which contained vitamins A, B complex, D, and E. 

Several workers have described lesions of the peripheral nerves in animals fed 
on a diet deficient in the vitamin-B complex (McCarrison, 1921 ; Cowgill, 1921 ; Stern 
and Findlay', 1929; Zimmerman and Burack, 1932 ; Gildea, Castle, Gndea an 
Cobb, 1935 ; Lee and Sure, 1937 : and others). Stockman and Johnston (/oc. ci 
who produced nerve lesions in monlreys by feeding a high cereal diet adequa ey 
supplemented by vitamin A, ascribed the degeneration to toxic substances con 
tained in cereals. MeUanby (foe. dt.) similarly attributed the lesions of the nervous 
system produced in animals by diets containing a large amount of cereals, ana 
deficient in vitamin A or carotene, to cereal toxins. Nervous lesions have as 
been ascribed to a deficiency of calcium (Corlette, 1928, 1929) and vitanun 
(Evans and Burr, 1928). 


Wolbach (1937), in a recent contribution dealing with the pathologic 
resulting from vitamin deficiency', maintains that further work on the sub]ec 
necessary to establish a specific relation between vitamin-A deficiency' and mye 
degeneration, since the latter is common to so many disorders of man and 
and may be the result of several vitamin deficiencies and diverse causes. For 
present, Wolbach (loc. cit.) regards nervous lesions as being among the late secon a y 
consequences of vitamin-A deficiency. 

There is thus some confliction of evidence regarding the relation 
yitamin-A deficiency and nerve lesions. The present paper reports a 
investigation of the peripheral nerves in vitamin-A deficient animals, whic 
undertaken to throw light on the problem. The subject is one of , j 
importance on account of the frequency with which clinical conditions associa 
with vitamin-A deficiency occur in South India. 



Plate XXI 


[The, photomicrographs were taken with ‘ Miflex ’ (Zeiss).] 



Fig. l.—Rabbil No. 1. — Sciatic nerve showing ‘ annular 
degeneration ’ ; Marchi’s stain. X 200. 



Fig. 2 . — Fowl No. 4 . — Femoral nerve shelving fine and 
coarse granules of disintegrated myelin ; 
Marchi’s stain, x 200. (This bird developed 
leg weakness.) 




Nerve lesions in rabbits fed on a vitamin-A deficient Met. 
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Table II. 

Nerve lesions in albino rats fed on a vitamin-A deficient diet. 
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Abscess at the base of the tongue. 



Table III. 

Nerve lesions in fowls fed on a vitainin-A deficient diet. 
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Stwlics on Vifaniin-A Deficiency. 


Group IV : Seven fowls on dicLs dcficienf in carotene and, vitamin ^4.— Sliglit 
or moderate degree of myelin degeneration "was seen in three birds, in which 
evidences of xcrophtlialmia vcrc not present (ride Table III). One bird, which 
developed paresis of the legs and xerophthalmia, showed moderate degeneration 
in the femoral nerves. The rest showed slight degeneration of the myelin 
sheaths in the peripheral nerves. As in the rabbits, the de^ee of myelin 
degeneration in the nerves of the birds was not proportional to the intensity of the 
xerophthalmia. 


Dlscu.ssion, 

The present investigation shows that dcmyelination of the peripheral nerves 
occurs in animals of various species fed on diets deficient in vitamin A. Most of 
those who have studied the pathology of vitamin-A deficiency have confined their 
attention to the changes occurring in epithelial tissues, and the nerve lesions have 
not received suflficient attention. Though there was variation in the degree of 
myelin degeneration, the peripheral nerves in the animals in groups I, HI, and 1* 
in this series showed consistent changes. The albino rats in group II were obtamed, 
as already mentioned, from stock animals which received a diet rich in vitamin A 
and carotene and hence these animals on weaning had considerable quantities o 
vitamin A stored in the liver. This high storage of vitamin A in the liver appears 
to be the cause of the low incidence of xerophthalmia and the comparatively sligh 
myelin degeneration in the peripheral nerves found in the animals in this group 
(group II). 

In most instances, all the spinal nerves examined showed about the same 
degree of my^elin degeneration, and there appeared to be no selective involvemen 
of any of the nerves. In some animals, however, the sciatic and femoral nerves 
showed more marked degenerative changes than those present in the brae la 
plexuses. 

The xerophthalmia occurring in the animals in this series can unqu^tionabl^ 
be attributed to vitamin-A deficiency, and it seems reasonable to ascribe the inye 
degeneration to the same cause. There was no exact parallelism, however, , 
the intensity of the eye lesions and the degree of demyelination of the peripher ^ 
nerves. In some instances, nerve lesions were found in animals which showe n 
xerophthalmia. Sutton et al. {loc. cit.) and Setterfield and Sutton Qoc. mt.) 
strated degenerative changes in the sciatic and femoral nerves before the 
ance of the earliest signs of avitaminosis A. The progress of the nerve degenera 
appears to be slow and does not keep pace wdtli the development of xerophtha m^^ 
The degenerative changes were only sbght or moderate even in animals ° 
marked eye lesions. As pointed out in a previous paper (Eadhakrishna n . 
loc. cit.) the general condition of the animal, and the length of time during 
the deficient diet is consumed, are probably among the factors influencing 
degree of demyelination in the nerves. The variations in the lesions 
due to the age of the animal at the commencement of the experiment and 6 
it receives before and after birth. 

Except one bird, which developed paresis of the legs, none of the 
showed any definite clinical evidence of involvement of the peripheral » 
Setterfield and Sutton {loc. cit.) reported that in rats suffering from avitam n 
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A, between one-fourth and one-third of the fibres in the sciatic and femoral nerves 
were in the process of degeneration before there was evidence of loss of sensibility 
or motor control. Demyelination of the peripheral nerves may thus be present 
without the occurrence of clinical s}'mptoms. More extensive lesions than those 
seen in the present series of animals are probably necessary to produce paralytic 
s}Tnptoms. 

A considerable series of observations, including those reported here, point to 
the conclusion that vitamin A is related to the integrity of the nervous tissues, but 
at the same time it appears that myelin degeneration may be associated with various 
forms of dietary error. 

We have at present no definite knowledge regarding the role of vitamin A and 
carotene deficiency in nervous disease in .man. Mellanby (1931, 1933, 1934ci) is 
of opinion that the' vitamin-A and carotene deficiency may play a part in the causa- 
tion of certain disorders, e.g., convulsive ergotism, lath}wism, sub-acute combined 
degeneration and disseminated sclerosis. Nervous diseases appear to be fairly 
common in South Indians, and it would be interesting to study the effect of vitamin 
A and carotene in their treatment. Iswariah and Kutumbiah (1934) have 
described a variety of polyneuritis occurring in women during the puerperium in 
Northern Circars. Nicholls (1935) has made reference to the occurrence of peri- 
pheral neuritis in women in the later stages of pregnancy and during lactation in 
Ceylon. Cases similar to those described by the above authors are common in 
lactating women in South India. The evidence available at present suggests 
that a lack of vitamin Bi in the food is the predominant factor in the causation 
of polyneuritis in these cases, but vitamin-A deficiency may perhaps also play 
a part. This problem remains to be investigated. 


Summary. 

(1) The peripheral nervous system was studied in rabbits, albino rats, and 
fowls fed on diets deficient in vitamin A and carotene. Clinically, evidences 
of nervous disorder were rarely observed. Histological examination, however, 
revealed varying degrees of degeneration of the myelin sheaths of the spinal 
nerves. 

(2) It is possible that, while there is good evidence to show that vitamin-A 
deficiency causes myelin degeneration, similar changes may. result from other 
dietetic factors. 

(3) The relation between dietary deficiency and certain nervous diseases in 
man is discussed. 
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THE OXALIC-ACID CONTENT OF SOME INDIAN 
FOODSTUFFS. 


BY 

B. N. MAJUMDAK, 

AND 

N. K. DE. 

{Nutrition Research Laboratories, I. R. F. A., Coonoor, S. India.) 

[Received for publication, September 30, 1037.] 

Ko data appear to exist about the oxalic-acid content of conunon Indian 
foodstufis. The receipt in the Laboratories of inquiries from a number of medical 
men drew our attention to this fact. It was therefore thought useful to carry out a 
series of oxalic-acid determinations on foodstuffs, as part of the study of the com- 
position of Indian foodstuffs now in progress in these Laboratories. The possibility 
of such a survey throwing light on the problem of urinary calculus in India was 
also considered. 

Method of estimation. 

For the estimation of oxalic acid the following method, representing a modi- 
fication of the standard chemical method, was worked out : 10 to -20 grammes 
of the fresh test substance were ground with glass powder in a mortar, and the 
whole material was transferred into a beaker. It was then boiled with 15 per cent 
hydrochloric acid, filtered over a Buchner, and thoroughly washed. The filtrate was 
made alkaline with ammonia, re-acidified with acetic acid, and finally precipitated 
hot with CaCL solution. This was filtered, the residue boiled with acetic acid 
and again filtered, after which it was thoroughly washed with water to make it 
free from chloride. The filter-paper was ignited and ashed in the electric furnace. 
The CaO was next dissolved in a little hydrochloric acid, made alkaline with 
ammonia, and precipitated with ammonium oxalate solution. The calcium oxalate 
thus formed was filtered and washed free from the soluble oxalate, and titrated 
with potassium permanganate in the usual way. 

The Arbenz (191 () method was also tried, but it did not prove a success in 
our bands, and it seemed to be more complicated and time-consumino^ tban tbe 
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metliod adopted. Tlie prc.scnt. inetliod appears to give consistent results. The 
recovery from solutions to which known amounts of oxalic acid had been added 
was practically cent per cent. The oxalic-acid values given by Nelson and Motteri 
(1931), Byder (1930), and Esbach (1883) agree fairly well with ours. 

The foodstuffs analysed were bought in the local market in Coonoor, in as 
fresh a state as possible. Unless otherwise stated, each figure represents th( 
average of two determinations. 


Tablk. 

The oxalic-acid content of certain Indian foodstuffs. 


Name of foodstuS. 


Botanical name. 

Mg. per 100 g. 

A. Cereals and pulses.— 

Rice . . 


Ort/za saliva 

4-6 

Wheat 


Tritieum vulgare 

IM 

Cholam 


Sorglnivi vulgare 

12-6 

Cambu or bajra . . 

• 

■ Pennisetum iyphoideum 

14-4 

Ragi . . 

4 

FAevsine coracana 

45-7 

Maize 


Zea mays 

O'O, 

Tapioca 


Manihol •utilissima 

17-1 

Bengal gram 


Cicer arielinum 

2-4 

Black gram 


Pliaseolus mango 

27-8 

Lentil 


Lens esculcnt'i 

21-2 

Soya bean 


Glycine hispida 

77-0 

B. Vegetables . — 

Lettuce 


Lactuca saliva 

13-6 

Cabbage 


Brassica olcracea capitata 

5-9-18-5 

Spinach 

• • 

(4 samples). 

Spinacia olcracea 

668-0 

Potato 


Solanum tuberosum 

15-0 

Colocasia 


Colocasia anliquorum 

133-4 

Green plantain 


31usa paradisiaca (3 samples) 

617-6-524-0 

Carrot 


Caucus carota 

6-6 
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Table — contd. 


Name of foodstuff. 

Botanical name. 

Mg. per 100 g. 

B. Vegetables — concld. 



Brinjal 

Solanum melongena 

29-1 

Bitter gourd 

Momordica charantia 

, 0-5 

Snake gourd 

Trichosanlties anguina 

1-0 

Coriander leaves 

Coriandrum sativum 

6-0 

Slint , . 

Mentha viridis 

3-8 

Onion 

Allium cepa 

PO 

Gaulidower 

Brasiica oleracea holryies 

6-8 

Green chillies 

Capsicum annmim 

2S-7 

Radish 

Baphanus salmis 

9-2 

Ash gourd 

' Benincasa cerifera j 

3-4 

French beans 

Phaseolus vulgaris 

31-2 

Beetroot 

Beta vulgaris 

40-4 

Parsnip 

Pastinaca sativa 

20-6 

1 

Green peas 

Pisum sativum 

6-0 

Lady’s finger . . , . 

Hibiscus esculenlus 

10-3 

Tomato (ripe) 

Lgcopersicum esciihntum 

3-6 

Rhubarb (stalk) . . 

Bheum rhaponlieum 

1336-0 

Mustard leaves . . 

Brassica juncea 

128-7 

C. Fruits . — 



Plantain (ripe) 

Musa paradisiaca 

2-2 

Grape fruit (juice) 

Vitis tinifera 

3-4 

Oranges 

Citrus auranlium 

8-7 

Ripe mango 

Mangifera indira 

30-0 

Pino-applo 

Ananas sativus 

5-8 

Almonds 

Prunus amygdalis 

407-3 

Cashew-nut 

Anacardhim occidzntalc 

318-4 
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The Oxalic-Acid Content of tSome Indian Foodstuffs. 


Table — concU. 


Name of foodstulT. 

Botaiiical name. 

Mg. per 100 g. 

D. Animal foods. — 

1 

i 

I 

ilutton 

1 

1 G-9 

Sheep’s liver 

•• 

I 4'2 

,, brain . . . . 

.. 

i 4-6 

i 

Beef . . . . • . 

1 

i • • 

[ 1 

1 

1 25-0 

1 

1 

Cow’s milic 

E. Miscellaneous. — 

• * 

1-9 

Ripe chillies 

1 , 

Capsicum annuum 

117-1 

Cocoa (Rowntrec’s) 

1 

1 

1 

442-0* 

Coffee powder 

i 

15-4t 

Tea (Lipton’s — dust) 

1 

219-2t 


* Cocoa powder itself was extracted, 
f Powder itself was extracted. 

J Ten grammes dust lixiviated in 200 c.c. of boiling water for five minutes and the total fihw ® 
taken for estimation. 


From the Table it will be seen that amongst the vegetables, rhubarb stan s 
first in oxalic-acid content. Next comes spinach. Amongst cereals and pulses, 
ragi, and amongst the fruits, almond and cashew-nut contain the largest amoun ^ 
Animal foods seem to contain very little, which is also true of ordinary fruits. 1 1 
oxalic-acid content of cocoa was found to be high, approximating to that of spinac i. 
Milk also contains oxalic acid, though in almost negligible amounts. 

It is evident that before any attempt can be made to relate the incidence of 
stone and the oxalic-acid content of the diet, more information must be 
about the diets consumed in areas of the country in which urinary calculus 
common. Attention may be drawn to one interesting fact : there is possioO 
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a relation between tlie oxalic-acid content of a foodstuff and the degree to wbicb 
the calcium and magnesium it contains are retained in the system. Tlanganathan 
(1935) gave the following figures representing calcium and magnesium retention 
in rats fed exclusively on various cereals 


1 

Ca, 

per cent. 

I Jtg- 

1 per cent. 

i 

Rice 

87-1 

1 

62-1 

Wheat 

73-5 

60-3 

Cholam .. i 

70-4 

• • 

Carabu 

49-5 


Ragi 

42-G 

3-8 


Rice, whicii gave the highest figures for the retention of calcium and magnesium, 
has the lowest oxalic-acid content of all the cereals investigated, while ragi, with 
the lowest calcium and magnesium retention figures, has the highest oxalic-acid 
content. It seems possible that the oxalic-acid content of a foodstuff may be a 
factor influencing the retention of the calcium and magnesium it contains. 

Summary. 

Fifty-two common foodstuffs including cereals and pulses, vegetables, fruits, 
animal foods, and beverages have been analysed for their oxalic-acid content by a 
modified method. 


Abbesz (1917) 

Esbach (1883) 

Nelson and JIottern (1931) 
Ranganath.\n (1935) 

RyjDEB (1930) 
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THE ‘ AVAILABLE ’ IRON IN SOME COMMON INDIAN 
FOODSTUFFS, DETERMINED BY THE 
<X, oc'DIPYRIDINE METHOD. 


BY 

S. RANGANATHAN. 

{Nutrition Research Laboratories, I. R. F. A., Coonoor, S. India.) 


[Received for publication, September 30, 1937.J 


The term ‘ available ’ iron was first used by Hill (1930) and later by 
Elvehjem and his co-workers (1933, 1934, 1936) to denote that fraction of 
iron in foodstuffs which is capable of combining with a, a'dipj^idine. The latter 
workers have shown that the efficiency of a food in regenerating haemoglobin in 
antemic rats is correlated, not with its total iron content, but rather with the 
fraction combining with a, a'dipyridine. Hence this fraction of iron, held in simple 
combination, was termed ‘ available ’ iron in contrast to the gross total iron, not 
all of which is available for use in fulfilling the physiological function of iron. The 
total iron content of foodstuffs is, therefore, of relatively little value in nutri- 
tional studies, unless accompanied by information with regard to the percentage 
‘ availability ’ of iron in each instance. Elvehjem and his collaborators have 
described a method for estimating chemically the ‘ available ’ iron in foodstuffs, 
and have shown that the results obtained by this method agree closely with those 
yielded by time-consuming tests on rats. In the present work, this method, 
slightly modified, has been applied to a niimber of foodstuffs in common use. 

Experimental. 

The method employed makes use of a, a'dipyridine, a reagent first used by Hill 
(loc. cit.), which selectively reacts with ,the less complex ‘ available ’ iron moiety 
of foodstuffs. The optimum conditions for this reaction have been worked out 
by Elvehjem and his co-workers and reported in their latest paper (Kohler, Elvehjem 
and Hart, 1936). The substitution of hydroquinone for sodium hydrosulphite, 
for reducing the iron present in foodstuffs to the bivalent condition, in which state 
alone it reacts with dipyridine, is a distinct improvement as the former can more 
easily be purified and rendered iron-free. However, even the method evolved 
finally had certain paybacks, including the not infrequent production of a turbid 
centrifugate which is difficult to use for colorimetric comparison, and'the difficultv 

( 677 ) 
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Table — co7itd. 


Name of foodstuff. 

Botanical name. 

1 

Total 
iron, 
mg. per 
cent. 

Available 
iron, 
mg. per 
cent. • 

1 

1 

Per cent 
of total iron 
^ available. 

Piihcs — concld. 

Green gram 

Phnsfohts radiatus 

10-00 

1 

! 

1-26 

12-0 

Lentil 

Lens csculctila 

1-9S 

1-73 

87-5 

Peas, roasted 

Pisinn sativum 

.5-00 

2-48 

49-6 

Red gram 

Cajaiius indiens 

C-iiO 

1-30 

23-3 

Soya bean 

Glycine hispida 

9-70 

2-76 

28-5 

Leafy vegetables . — 

'■ Agathi ’ 

Scsbania grandiflora 

! 

3*91 

0-75 

19-2 

Amaranth, tender leaves 

Amarantltus gangeticus 

23-70 

6-00 

25-3 

Cabbage 

Brassica olcracea capitata 

0-73 

0-28 

38-3 

Coriander, tender leaves 

Coriandmm sativum 

9-97 

1-08 

10-9 

Curry leaves 

Murraya Koenigii 

8-70 

4-35 

50-0 

r 

Drumstick, tender leaves 

Moringa oleifera- 

7-00 

1-67 

23-9 

. Fenugreek leaves . . 

Trigonclla focnumgraecum 

16-90 

2-69 

lfi-0 

Lettuce 

Lactuca saliva 

2-39 

1-00 

• ‘42-1 

Mint . . 

Mentha viridis 

15-56 

1-44 

•• 9-3 

Parsley 

Petroselinuni sativum 

17-86 

3-18 

17-8 

‘ Manathakkali ’ . , 

Solanum nigrum 

15-30 

2-48 

16-2 

Spinach 

Spinacia oleracea - 

5-00 

0-93 

18-0 

Boots and tubers, — 

Beetroot 

Beta vulgaris 

0-98 

0-53 

63-2 

Carrot 

Daucus carota 

2-83 

0-26 

9-2 

Coloeasia 

Coloeasia antiguorum 

1-20 • 

0-33 

27-5 

Parsnip 

Pastinaca saliva 

0-54 

0-46 

85-3 

Potato . . 

Solanum tuberosum 

0-76 

0-34 

44-8 

R,adish (pink) 

Baphamts saiivus 

0-47 

0-11 

23-6 

Tapioca 

Manihot utihssima 

0-92 

0-41 

44-0 

Yam, 'elephant 

AmorpJiophallus campanulalus 

0-62 

0-39 

62-9 
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Table — co7iid. 


Name of foodstuff. 

BoLinical name. 

Total 
iron, 
mg. per 
cent. 

Available 
iron, 
mg. per 
cent. 

Per cent 
of total iron 
available. 

Of/ier vcgelahles . — 






Amaranth, tender stalks 


Amaranthiis gangclieus 

3-29 

1-36 

41-4 

Ash gourd 


Benincasa ccrifera 

1-OC 

0-60 

50-7 

Bitter gourd 


Mo/nordica chamnlia 

1-34 

0-27 

20-2 

Briujal 


Solannm melongeita 

0A4 

0-37 

84-1 

Broad beans 

■nv 

Dolichos lablab rar. lignosus 

1-61 

0-61 

37-9 

CnuIifloTver 


Brossictt oleracea botryies 

1-38 

0-41 

29-8 ' 

Cluster beans 


Cyamopsis psoralioidex 

3-13 

0-80 

25-6 

Double beans 


Faba vulgaris 

2-27 

1-57 

69-4 

Drumstick 


Moringa oUtfera 

5-2S 

0-48 ■ 

9-1 

Brenoh beans 


Phaseolus vulgaris 

1-07 

1-03 

61-7 

Jack 'fruit seeds , . 


Artocarpus integrifolia 

1-67 

0-56 

33-5 

Lady’s fingers 


Hibiscus esculenlus 


0-55 

35-7 

Beas, English (green) 


Pisim sativum 

1-90 

1-4S 

78-0 

Plantain, green . . 


Musa paradisiaca 

0-71 

0-05 

7-1 

Snake-gourd 


Trichosanthes anguina 

0-88 

0-22 

25-0 

Spinach, stalks . . 


Spinacia oleracea 

1-90 

0-72 

37-9 

‘ Sundakai dry 


Solanum torvum 

22-22 

1-52 

C-9 

Nuts and oilseeds . — 






Almond 

• • 

Pmnas amygdalis 

5-56 

2-37 

42-7 

Cashew-nut 

• • 

Anacardium occidentals 

4-95 

1-94 

39-1 

Coco-nut, kernel . . 


Cocos nucifera 

1-94 

0-75 

38-8 

Ground-nut 

•• 

Arachis hypogea 

1-63 

0-50 

30-7 

Linseed 

• • 

Linum usilatissimum 

2-65 

0-98 

37-0 

Mustard 

• • 

Brassica juncea 

17-88 

2-27 

12-7 


J, StR 
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Tablk — conld. 




Total 

Available 

Per cent 

Name of foothlnfl. 

llolanicnl name. 

iion, 
nig. per 

iron, 
mg. per 

of total iron 
.available. 



cent. 

cent. 

Con'l'mcvls, spicc.f, etc. — 

) 




‘ Arisithipi'ili ’ . . 

Pipi'r rhisii 

ISvl 

3-14 

23-3 

Cardamom 

nicttaria carthtmontum 

mis 

0-38 

10-G 

Chillies, giecn (ordinary 

Cnpsicum anmntm 

1-.31 

0-41 

31-4 

variety). 





Chillies, dry 


2-flo 

1-34 

53-7 

„ giant 

Cupsicuin Jnitcsccns 

1-04 

0-83 

80-0 

Coriander seeds . . 

Coriandrum salivinn 

17-04 

2-14 

12-0 

fenugreek seeds . . 

TrigoyicUa focn uuigraecu m 

14-10 

1-40 

10-4 

Garlic 

Allium sativum 

1>31 

0-72 

65-0 

Ginger 

Zivgibcr ojjlchtalc 

2-.n7 

0-67 

22-2 

Mustard 

Ttrassicn juncca 

17-88 

2-27 

12-7 

Nutmeg 

3Ipristica fragraiis 

4-r>7 

0-73 

16-0 

‘ Omum ’ 

Caruni copticuvi 

14-G2 

2-74 

18-7 

Onion, small 

Allium cepa 

1-61 

1-14 

71-0 

Pepper, dry 

Piper nigrum 

IG-SO 

3-24 

19-3 




2-42 

OO.o 

Tamarind (pulp only) 

Tamarinchis indicus 

10-90 


Turmeric 

Curcuma longa 

18-60 

1-81 

9-7 

Fruits . — 





Apple 

Pi/rus mala.s 

0-7.3 

0-21 

0-29 

28 8 

27-2 

Cape gooseberry . . 

Phf/salis pentviana 

1-07 

Currants 

itihes spp. 

S-99 

1-23 

14-4 

Lime (juice only). . 

Citrus medica var. acida 

2-20 

1-14 

51-9 

Mangosteen 

Qarcinia mangostana 

0-58 

0-23 

39-7 

Orange 

Citrus auranlivni 

0-.53 

0-22 

41-5 

Passion fruit 

Passinora laurifolia 

1-27 

0-32 

2.7-2 

Pears, country- 

Purus communis 

0-68 

0-40 

59-0 
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i 

Name of foodstuff. ^ 

! 

Botanical name. i 

Total 
iron, 
ng. per 
cent, 1 

Available 
iron, , 

nag. per 
cent. 

Per cent 
of total iron 
available. 

Fruile — conoid. 




i 

1 


PLneapple 

Ananas .safivtis 

l-SO 

l-OG 

70-7 

Plantain, ripe 

Musa paradisiara 

0-C6 

0-31 

47-0 

Pomelo 

Citrus decumana 

0 46 

0-10 

21-8 

Tree tomato 

Cyphnmandra hetacca 

O-SS 

0-50 

50-9 

Flesh foods . — 

1 

1 

1 




Egg, ■white, hen’s 

( 

— 

0-11 

Trace 

-- 

„ yolk, hen’s . . 

1 

1 

— 

4-06 

2*22 

54-7 

Fish, ransole 

! 

— 

0-72 

0-28 

38-9 

Beef, muscle 

i 

i 

1 2T0 

CO 

o 

34-8 

Sheep, mnsele 

1 

.... 

3-16 

1-98 

62-7 

3Iilh and milk products.— 






Milk, cow’s 


— 

0-24 

Trace 

•• 

Skim milk powder 


... 

1-43 

0-C4 

44-8 

Miscellaneous foodstuffs . — 






Betel leaves 


Piper hellc 

8-33 

3-50 

42-S 

Coeo-nut water . . 


1 

0-03 

0-01 

33-3 

Jaggery 

• 

1 

11-40 

1-71 

16-0 

‘ Pappads ’ 


A preparation from black 

21-90 

2-11 

9-7 



gram {Pha.s(olus mungo). 




Yea<it, dried 

■■ 


j 28-50 

12-21 

42-S 


It will be seen from the above table that tlie foodstuffs vary widely in tbeir 
' available ’ iron content, and that they do not display any distinct group 
cbaracteristics. In general, it may be stated that leafy vegetables, usually 
considered good sources of iron, contain a low perceritage of ‘ available ’ iron. Yet 
tboy furnish, bulk for bulk, as much or er'en more ‘ available ’ iron than most other 
foodstuffs. Condiments and spices, though rich in iron, resemble leafy vegetables 
in containing a comparatively low percentage of ‘ available ’ iron. In cereals, on 
the average, one-third of the iron is ‘available’, a notable exception being ragi 
(Elettsinecoracami), in which ‘ available ’ iron amounts to only 10 per cent of total 
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iron. Parboiled rice, beaten rice (i.c., rice wliicli is beaten to produce rice flakes) 
and pnfled rice liavc a lower percentage of available iron tban raw rice; it must, 
however, be slated tbai. the dilTeront. rice preparations were not made fromtke 
same sample of paddy. In pulses, roots and tubers, other vegetables, andhuits, 
roughly about 40 per cent, of total iron is ‘ available’, while in nuts and oilseeds 
the average percentage ‘ availability ’ is in the neighbourhood of 30. 

The results recorded hero do not corre.s])ond at all closely with those reported 
by Shackleton and hlcCancc (103G). On the other hand, there is a much closer 
correspondence between these rc.sults and those of Elvehjem and his co-workers, 
whose method rvas closely followed in the investigation. 

Summary. 

(1) One hundred common Indian fooclstufl's have been analysed for their 
‘ available ’ iron by a chemical method involving the use of a, a'dipjTidine. The 
method finally evolved by Kohler cl al. has been improved. 

(2) The foodstuffs analysed were found to varj^ widely as regards the percent- 
age of total iron ‘ available ’ ; in general, leafy vegetables and condinients and 
spices, usually considered good sources of iron, show low percentage ‘ availability , 
while the other groups of foodstuffs contain iron of which about 30 to 40 per cent 
are * available ’. Percentage ‘ availability ’ in the various groups of foodstufls 
was very variable. 
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PHYTIN-PHOSPHORUS CONTENT OF INDIAN 
FOODSTUFFS. 

BY 

A. R. SUNDAEARAJAN. 

[Nvlrition Research Laboratories, I. R. F. A., Coonoor, S. India.) 


[Received for publication, September 30, 1937.j 


Phytin (calcium maguesium salt of inositol phosphoric acid), first isolated 
by Posternak (1903), is present in various foodstuffs as a reserve material containing 
phosphorus in organic combination. It was once thought to be an easily 
Wmilable form of phosphorus and has been administered as a ‘ tonic ’ (see 
Plimmer, 1913). Plimmer {loc. cit.) found that phytic acid was not hydrotysed 
by enzymes in the digestive tract of animals. Cereal brans, which are rich 
in phytin, contain an enzyme, phytase, capable of splitting phytin into inositol 
and phosphoric acid. 

A number of experiments carried out in recent years on the relation of cereals 
to rickets have sugge.sted the existence of a rachitogenic (anti-calcifying) factor 
in cereals (Mellanby, 1931), Bruce and Callow (1934) have explained the ‘anti- 
calcifying ’ effect of cereals on the grounds that the phytin phosphorus of cereals 
is less available to the animal organism than the inorganic phosphorus. 
Treatment of oatmeal with 1 per cent HCI destroyed its ‘ anti-calcifying ’ effect 
in proportion to the amount of phytin hydrolysed. Harris and Bunker (1935), 
however, observed no correlation between the degree of rickets produced in rats 
by a maize diet and the absolute or relative amounts of phytin phosphorus which 
the diet contained. 

McCance and Widdowson (1935) investigated phosphorus exchanges in three 
adults and one child and found that 20 to 60 per cent of the phytin were excreted 
unchanged in the feces. Lowe and Steenbock {1936a) observed that germinated 
autolysed maize, immature maize, and HCl-treated maize are less rachitof^enic 
than mature maize, owing to an increased content of inorganic phosphorus. There 
was a direct relation between the type of maize given and the anti-rachitic effect 
of the ration, which bore an inverse relation to the phytin content In a later 
paper Lowe and Steenbock (19365) record the fact that phytin phosphorus is not 
completely unavailable to the rat, which may be due, as Patwardhan (19371 has 
shown, to the presence of phytase in the intestines. 

{ 685 ) 
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Phytin-Phos'phorus Content of Indian Foodstuffs. 


Phytiu thus scorns to ho a rohitivoly unavailable form of phosplionis. In 
India ordinary diets arc lariioly coinjjosod of cereals and pulses, and pliytin phos- 
phorus may form a larijc percentage of total phosphorus. A diet which appears 
to be rich in phos])horus as determined i)y ordinary routine chemical analysis may 
in reality bo dcliciont in pho.sphoius in the physiological sense. Hence an 
investigation of the prhy tin-phosphorus conteirt of common Indian foodstuils r\as 
undertaken. 


JIkthod. 

The method adopted was e.ssentially that of IMcCance and idclowson (/oc. cit.) 
and Young (IhlKi) with a few modifications. The method is as follows: — 

The phytin phospdiorus. which is extracted with dilute HCl. is precipitated 
as ferric prhytatc with a known amount of ferric chloride, and the excess deterininecl 
colorimctrically as thiocyanate. The number of milligrams of iron precipitated 
is equal to the number of milligrams of jrhytin 2)ho.sjrhorus (loung, loc. cit.). 


Reagents . — 

1. I^HCl and ^HCl. 

2 0 

2. NaOH solution 40 per cent. 

3. Standard FeCla in NHCl solution. 

A solution of A. II. FeCls in NHCl is prrepared and the iron deteiminec 
gravimetrically. By suitable dilution with NHCl a solution containing r25 mg. 
of iron per c.c. is prepared. 

4. 20 per cent KCNS. 

5. Amyl alcohol. 


6. Concentrated iron-free HNO3. 

7. Standard iron solution. 1 c.c.=0'05 mg. Fe. 

Procedure . — Samples for estimation Avere ground to a fine powder in the case 
of cereals, pulses, condiments, and spices. Vegetables, which have a high mois 
content, were dried in the sun, ground to a fine powder and sieved to pass ^ 
a fine mesh. Total phosphorus was estimated volumetrically. Ten 

test material were shaken in a 250 c.c. glass-stoppered bottle with 100 c.c. -5 

for two hours to extract the phytic acid. It was then transferred to a 100 c.m 
centrifuge tube and centrifuged for two hours or more to obtain a clear con ri ^ 
gate ;. 25 c.c. of the supernatant were pipetted into a 50 c.c.-measuring-flas^^ a 


ith 


neutralized to phenolphthalein wdth NaOH, rendered slightly acid w: 
and made up to mark with distilled water. 

Twenty c.c. of the above solution were pripetted into a 35 c.c.-tcst-tubc, an 
4 c.c. of the standard FeCls-HCl solution added. The tube was then heatcc nr 
rack in a boiling water-bath for 15 minutes with tire level of the water aho'^'^ ‘ 

of the contents of the tube. After cooling for 15 minutes in a bath of j 

the contents of the tube were made up) to 50 c.c. in a measuring flask with chs i 
water and filtered over a dry filter into a dry flask. Iron was estimated m 
filtrate by tlie thiocyanatc-amyl-alcohoi method. The amount of iron necessa 
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for precipitation of phytin is calculated therefrom; this represents the-phytin 
phosphorus (Young, loc. cit.). 

Tlie results are expressed as milligrams per 100 grammes of the edible portion 
and on a fresh \veight basis. The moisture, total phosphorus, phytin phosphorus, 
and the percentage of the total phosphorus existing as phytin phosphorus, are 
given in the aecompairying Table ; — 


Table. 

Moishire, total 2 }Iios 2 )honis, 2 diyiin 2 diosj>lion(s, and the 2 Jerccntage of the total 
phosphorus existing as phytin p/(osp/(on<s. 



Name of foodstuff. 

Botanical name. 

Moisture, 
per cent. 

Total 

phos- 

phorus, 

mg. 

per cent. 

Phytin 

phos- 

phorus, 

mg. 

per cent. 

Phytin, 
per cent 
of total 
phos- 
phorus. 

- 

A. Cereals.— 






1 

Bajra or oambu . . 

PenJiisetum typhoidevm 

10-37 

328-3 

246-0 

74-92 

2 

Barley 

Hordcum vulgare 

10-93 

212-0 

66-0 

31-13 

3 

Cholara 

Sorghum vulgare 

13-05 

232-8 

206-0 

88-49 

4 

Italian millet 

Setaria Italica 

10-10 

320-1 

213-4 

66-68 

5 

Maize, tender 

Zea mays 

79-36 

104-2 

8-6 

8-25 

G 

„ mature 


10-37 

363-4 

353-0 

97-14 

7 

Oats 

J 1)6710 saliva 

11-32 

400-4 

124-4 

.31-07 

8 

Ragi 

Eleusinc coracana 

13-.33 

272-5 

246-0 

90-20 

0 

Rice, raw milled . . 

Oryza so/iro 

12-.31 

111-5 

58-0 

52-02 

10 

„ parboiled . . 

J) 

13-26 

147-2 

85-1 

57-81 

11 

„ black puttu 

»» 

11-78 

253-0 

213-9 

, 84-55 

12 

„ beaten 


11-46 

239-0 

187-6 

78-48 

13 

„ puffed 

«> 

14-20 

169-3 

86-6 

50-56 

14 

Wheat, whole 

Triticum vulgare 

13-16 

298-3 

193-6 

, 64-91 


Roots* 






15 

Arrowroot flour . . 

Maranla arundinacea 

16-51 

17-0 

f) 

0 

16 

Tapioca (lour 

Manihot utilissima 

11-73 

66-5 

0-5 

0-76 


— 
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Table— co?i/fZ. 



Name of foodstuff. 

Botanical name. 

1 

' Moisture, 

* per cent. 

Total 

phos- 

phorus, 

mg. 

per cent. 

Phytin 

phos- 

phorus, 

mg. 

per cent. 

Phytin, 
per cent 
of total 
phos- 
phorus. 

17 

G. Pulses , — 

Bengal gram 

Ciccr arictinum 

11*44 

280-3 

185-7 

66-24 

18 

„ roasted . . 


' 11*78 

276-8 

140-9 

50-89 

19 

Black gram 

Phaseolus mungo 

12-06 

401-4 

249-7 

62-22 

20 

Cow gram 

Vigna ca>iang 

11*73 

478-5 

258-0 

63-92 

21 

Field bean, white 

Dolichos lahlab 

10-23 

417-5 

248-2 

69-47 

22 

Green gram 

Phaseolus radialus 

11*20 

293-2 

lSO-1 

61-42 

23 

Horse gram 

Dolichos biforus 

11*93 

249-6 

120-9 

48-42 

24 

Lentil 

Lens csculenta 

12-29 

284-3 

216-0 

75-98 

25 

Peas, roasted 

Pisu7n sativum 

9-30 

351-2 

130-5 

37-16 

26 

Red gram 

Cajanus indicus 

11-66 

263-6 

200-3 

75-97 

27 

Soya bean 

Olgcine hispida 

9-23 

420-5 

213-8 

50-86 

28 

D. Leafy vegetables . — 
Cabbage leaves . . 

Bra^^^ica olcracea capitala 

90-20 

48-9 

1-1 

2-25 

29 

Coriander leaves . . 

Coriandrwn saiivmn 

87-90 

64-3 

0 

0 

30 

Curry leaves 

Murraya koevigii 

66-31 

57-3 

35 

6-11 

31 

Fenugreek leaves 

Trigotiella foenumgracciwi 

81-78 

52-5 

0 

0 

32 

Tpomea leaves 

Ipomoea replans 

88-20 

42-9 

0 

0 

33 

Lettuce leaves 

Lactuca saliva 

92-94 

27-8 

0 

0 

34 

Mint leaves 

Menlha viridis 

82-99 

45-S 

3-8 

8-30 

35 

Parsley leaves 

Pelroselinum sativum 

68-42 

150-5 

16-6 

11-04 

36 

Sesbania leaves . . 

Sesbania grandiflora 

76-73 

82-6 

0 

0 

37 

Spinach leaves 

Spinace.a vleracea 

91-66 

30-0 

0-8 

2-67 

3S 

E. Root vegetables 
and tubers . — 

Beetroot 

Beta vulgaris 

83-81 

51*1 

0 

0 

39 

Carrot 

Daucus carota 

86-00 

35-4 

0 

0 

40 

Parsnip 

Pastinaca saliva 

72-41 

67-5 

4-4 

6-52 
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Total 

Phytin 

Phytin, 


l?ame of foodstofi. 

Botanical name. 

Moisture, 
per cent. 



per cent 
of total 
phos- 





per cent. 

per cent. 

photos. 


E. Root vegetables 







and tubers — conoid. 






41 

Potato . . 

Solannm tuberosum 

7-1-73 

51-1 

19-1 

37-38 

42 

Radish, pink 

jRaphdnus saitmis 

90-76 

19-2 

0 

0 

43 

„ white 

tf 

94-41 

25-0 

0 

0 

44 

Yam, elephant . . 

Amorphophallus campa- 

78-70 

47-5 

4-6 

9-69 



nulatus. 






E. Other vegetables . — 






45 

Brinjal 

Solanicm melongena 

92-49 

42-9 

4-7 

10-9.5 

46 

Celery stalks 

Apiuni graveolens rapa- 

93-33 

36-9 

j 1-2 

3-25 



ceum 



j 


47 

Cluster beans 

Cyamopsts psoraiioides 

82-45 

65-1 

! 3-9 

5-99 

48 

Doable beans 

Faha vulgaris 

73-75 

149-1 

8-1 

S-43 

49 

French beans 

Phaseolus vulgaris 

91-43 

27-2 

0 

0 

50 

Ipomca stalks 

dpomo&x replans 

93-67 

25-2 

0 

0 

51 

Jack-fruit seeds . . 

Arlocarpus integrifolta 

51-60 

85-9 

40-4 

47-03 

62 

Lady’s fingers 

Hibiscus csculenlus 

S7-95 

74-2 

0 

0 

53 

Raw plantain 

Musa paradisiaea 

83-24 

26-8 

0 

0 

54 

Spinach stalks 

Spinacia olerttcea 

93-37 

15-2 

0 

0 


0. Condiments and 







spices , — 






55 

‘ Arisithippili ’ 

Piper clusii 

12-53 

369-2 

56-2 

lS-23 

56 

Chillies, green 

Capsicum annuwn 

82-60 

79-3 

3-4 

4-31 

57 

dry 

»» 

11-31 

342-6 

71-2 

20-78 

6S 

Coriander seeds . . 

Coriandrwn sativum 

8-45 * 

416-1 

320-5 

77-02 

69 

Cumin 

Cutninum cyminum 

10-32 1 

460-5 

153-3 

33-29 

60 

Fenugreek seeds . . 

Trigonellafocnumgraecnm 

11-04 

384-9 

150-9 

39-20 

SI 

Nutmeg 

Myrislica Jragraus 

14-32 

264-3 

162-1 

61-34 

62 

Omum (Bishop’s 
weed). 

Carum copticum 

10-71 

309-0 

296-7 

96-01 
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.Tabli: — conchJ. 



Xaiuf i)f fooilstufT. 

1 

1 

Bol.iuicai name. 

.Moisture, 
per cent. 

i 

) 1 

Total 

pho.s- 

phoriis, 

per cent. 

! Phytin 
; phos- 
1 pliorus, 

mg- 

j per cent. 

I 

i 

' Phytin, 

’ per cent 

1 of total 
plios- 
plionis. 


1 

i 

6 '. Condiments ami 

1 spices — coiicld. 


• 


1 

1 

t 

■ • 

03 

Pepper, dry 

Piper nirintm 

12-SG 


llo-l 

j 58-42 

1 

04- * 

Turmeric, dry 

1 

Curcuma lomjn 

1 j 

1 13-OG ' 

2S4-0 

97-3 ' 

1 

! 34-20 


t 

U. Miscellineo^is. — 

• 


. •' 


’ 

65 

Bread, white 


[ 1 

41-S5 1 

56-1 

0 

0 

66 

i 

Sago 

1 . 1 

Mclroxi/lon sago 

1 • 1 

12-20 

1 

6-0 

0 

0 

67 : 

Verniiccll! 

1 

1 

1 

11-21 

81-2 

17-0 

20-93 • 


In some cases, notably those of horse gram, soya bean, mint leaves, spinacli 
leaves, parsnip, potato, elephant yam, brinjal, jack-fruit seeds, and ‘ Arisithippili , 
total phosphorus content shows marked variations from figures obtained ni a 
previous investigation (Ranganathan ei al., 1937). A high’er degree of natuia 
variation in mineral content is to be expected in vegetables than in cereals, 

The Table shows that a large proportion of the phosphorus in cereals an;! 
pulses exists as phytin, the largest prercentage being in mature maize. 

The vegetables on the whole contain negligible amounts of phosphorus in tins 
form, the quantity present rarely exceeding 10 pier cent, though two notable 
exceptions are seen in potato and jack-fruit seeds with 37‘38 per cent and ii 0 
per cent phosphorus as phytin. 

The condiments and spices fall in between cereals and pulses and the 
vegetables, though here again marked exceptions are noticeable, in omum (Bishop s 
weed) with 96‘01 per cent and green chillies with 4‘31 per cent as phytin. 


Summary. 

The pljytin-phosphorus content of 67 foodstuffs has been detorinhiecl In 
cereals a high percentage of total phosphorus is present as phytin, wink m 
vegetables, with certain exceptions, the percentage is small or phytin is absen • 
The condiments and spices ’ investigated in general occupy an intermedin e 
position. 
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THE EFFECT ON EATS OF SUPPLEMENTING A SOUTH 
INDIAN DIET WITH CALCIUM AND 
PHOSPHORUS. 

BY 

R. K. PAL, • 

AND 

NARINDEA SINGH. 

(Nnlrition Research Laboratories, I. R. F. A., Coonoor, S. India.) 


[Received for publication, September 30, 1937.] 


Typical poor South. Indian diets, largely based on rice, are deficient in mineral 
salts and particularly in calcium. In a recent paper Aykroyd and Krishnan (1937) 
showed that the inclusion of calcium lactate greatly enhanced growth and improved 
the general condition of rats fed on a poor South Indian diet. They also noticed 
great improvement in the growth of the animals when the basal diet was supple- 
mented by skimmed milk powder and expressed the opinion that ‘ the value of 
milk is due in large measure to its high calcium content ’. 

Sherman (1933) has observed that ‘ the most practical means of ensuring an 
abundance of calcium in the dietary is to use milk freely as food and this ensures 
a good intake of phosphorus and a favourable ratio between calcium and phosphorus 
at the same time Other workers, e.g.. Brown and Sohl (1930), hold that calcium 
and phosphoms must be present in diet in sufBcient amounts and in correct relation- 
ship to each other to ensure their retention in proper amounts and in correct 
relations for normal bone deposition. 

The present investigation was undertaken in order to study the effect of 
supplementing the poor South Indian diet with calcium and phosphorus respectivelv 
given singly and with both given in combination. 

Experimental. 

Four groups of 12 young rats, about 50 grammes to 60 grammes in weight 
consisting of equal numbers of males and females, were given the following diet' 

( 693 ) 
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corresponding to that used by Aykroyd and Krishnan (loc. cil.) in their 
experiments ; — 


Raw milled rice 

Oz. 

.. 21-00 

Dhal aihar {Gajmws 

. . 0-70 

Black gram {Phoseolvs 'imnigo) 

. . 0-70 

Brinjal {Solamim melongemt) 

. . 1-00 

Amaranth leaves {Amnmnihvs gavgeticus) 

. . 0-50 

Raw^ plantains {Musa paradisiaca) 

. . 0-50 

Gingelly oil 

. . 0-10 

Coco-nut {Cocos micifera) 

. . 0-05 

IMeat (mutton) 

. . 0-06 


This diet, which corresponds roughly to the daily diet of an adult of the poorer 
classes in South India, was mixed and fed in the proportions indicated. 

Ctroup I was given the basal diet alone. Group 11 was given the basal diet 
supplemented b}^ 7‘0 grammes of calcium lactate, i.e., the food offered to each 
individual rat daily contained about 0-15 gramme of calcium lactate supplement. 
Grorxp III was given the basal diet fortified by 3'2 grammes of alkaline potassium 
phosphate, representing an addition of about 0‘07 gramme to the daily food 
allowance of each rat. Group TV was given the basal diet containing both 
supplements in similar quantities. 

The animals were exposed to the sun occasionally. The experiment lasted 
for ten weeks during which weights were recorded weeklv. Table I and the 
accompanjdng figures shoxv the average rate of increase in weight in the four groups 
during the experimental period. 

Dining the first four weeks group II showed the greatest gains in weight, 
closelj" followed b}^ the fourth group. During the remaining six weeks group IV 
showed the greatest increase. The difference betwmen groups II and IV was, 
however, not marked. 

Batches of three animals (males) from each group wmre kept in metabolism cages 
[Coonoor Dqre, described by Niyogi and co-workers (1932)] for four weeks from 
the second to the fifth wmek of the experiment. Total food intake was calculated 
by deducting the residue left each morning from the quantity given on the previous 
day (dry weights). The same investigation was'repeated for batches of three females 
from each group for four weeks from the sixth to the ninth week. It was noticed 
throughout that the animals from groups II and IV consumed more food than 
those from groups I and III, group III consuming the least. 

The rejected food, feces, and urine of each group were stored in separate 
vessels for seven. days, when chemical analysis of calcium and phosphorus in the 
food and excreta was carried out, and their retention calculated. At the end of 
ten weeks the animals were bled to death under ether anmsthesia, blood from the 
heart being taken for the estimation of serum calcium and phosphorus. The thyroid 
with the parathyroids and pieces of the small intestine wmre removed for histo- 
pathological examination. 
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Weeks. 

Chart showing the average rate of increase in weight of the fonr groups of experimental 
animals for ten weeks. 


Table I. 


Increase in weight in ten weeks. 


Group. 

Initial ! 
weight, 

1 

1st 

week, 

g- 

2nd 

week, 

g- 

3rd 

week, 

g- 

4th 

week, 

6- 

.Gth 

1 week, 
g- 

Gth 

1 week, 

1 g- 

1 

7th 

week, 

Cr. 

O* 

8th 
! week, 

1 

9th 

week, 

g- 

10 th 
j week, 
i f*. 

1 ° 

I .. 

1 ^^-6 

64'4 

1 

i 

66-.I 

70-4 

74-7 

77-1 

79-1 

85-3 

88-7 

1 

1 

90-0 ! 

96-5 

II .. ' 

54-G ! 

' co-s 

. 

7G-3 

85-0 i 

92-7 i 

9S-0 

101-8 . 

109-0 

114-1 

115-8 

121-1 

III .. 

SAG ’ 

j GI-1 

63-7 

G7*5 ! 

69'! ^ 

7I-S 

72-8 . 

78-5 

83-2 

82-0 1 

87-1 

IV 

5VG 

61-3 

72-4 

S2-0. * 

. 92-4 

98-7 ? 

104-8 

113-9 

! 

120-3 

. 123-3 

129-7 
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The estimation of calcium in the food and faeces was carried out by the standard 
methods of ashing and precipitation as calcium oxalate and titration with N-IO 
potassium permanganate solution ; that of phosphorus by precipitation as 
phosphomolyhdate, dissolving in N-10 alkali and titration with N-10 acid, while 
that of total phosphorus and calcium in urine was done by the combined method 
of Greenwald and Gross (1925). The serum calcium was determined by Kramer 
and Tisdall’s method (1921), and the blood phosphorus was estimated by theBell- 
Doisy method modified b}' IBriggs (1922). 

The results of the analysis are set out in Table II : — 

Table II. 


Food intake and calcnm (CaO) and phospJiorvs {P2P5) intake, excretion 
and retention dnring Jour weeks {males and females). 


Group. 

Food intake, g. 

Total calcium in 
food, g. 

Total calcium 
excreted, g. 

Total calcium 
retained, g. 

Total phospliorus 
in food, g. 

Total phosphorus 
excreted, g. 

1 

Total phosphorus 
retained, g. 

Males : — 










I 

215 ^ 

0-199 

0-024 

0-175 

0-595 

0-265 

0-330 


ir 

' 

220 

0-507 

0-050 

0-517 

0-620 

0-246 

0-474 

1st week 










III 

210 

0-165 

0-016 

0-149 

0-958 

0-396 

0-562 


IV 

220 

0-665 

1 

0-097 

0-568 

1-045 

0-392 

0-653 


I 

1S3 

0-174 

0-019 

0-155 

0-498 

0-183 

0-316 


II 

208 

0-530 

0-061 

0-475 

0-566 

0-186 

0-380 

2nd week i 










III 

14] 

0-103 

0-018 

0-085 

0-666 

0-292 

0-374 


IV" 

226 

0-734 

0-103 

0-631 

1-067 

0-433 

0-634 


I 

213 

0-187 

0-040 

0-147 

0-575 

O-ISO 

0-395 


II 

247-5 

0-653 

0-113 

0-540 

0-673 

0-159 

0-514 

3rd week 










III 

191-5 1 

0-161 

0-053 

0-108 

0-886 

0-397 

0-489 


rv 

278 1 

0-778 

0-142 

0-636 

1-280 

0-416 

0-864 


I 

206 , 

0-208 

0-022 

0-186 

0-587 

0-325 

0-202 


II 

241 

0-911 

0-234 

0-677 

0-699 

0-250 

0--149 

4th week • 










I m 

189 

0-104 

0-026 

0-078 

0-876 

0-512 

0*o04 


1 IV 

233 j 

0-705 

0-234 

0-471 

1-071 

0-646 

0-426 
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Tx\ble II — concU. 


Group 

• 

Pood intake, g. 

Total calcium in 
food, g. 

Total calcium 
excreted, g. 

Total calcium 
retained, g. 

Total phosphorus 
in food, g. 

Total pbo.sphon)s 
excreted, g. 

Total phosphorus 
retained, g. 


I 

196 

0-202 

0-023 

0-179 

0-543 

0-393 

[ 

0*150 


II 

238 

0-009 

0-151 

0-348 

0-659 

0-228 

0-431 

Ist Tveek 

III 

202 

0-242 

0-026 

0-216 

0-929 

1 

0‘554 1 

0-375 


IV 

227 

0-629 

0-163 

0-466 

1-044 

0-076 

0-368 


I 

185 

0-171 

0-012 

0-159 

0*496 

1 

0-255 

0-241 


II 

234 

0-727 

0-182 

0-.545 

0-628 

0-219 

0-409 

2nd week 






0-805 

0-422 

0-383 

III 

171 

0-172 

0-013 

0-159 


IV 

! 225 

0-080 

0-153 

0-527 

1-060 

0-522 

0-638 


I 

240 

0-222 

0-061 

0-161 

0-638 

0-388 

0-250 


11 

, 2G3 

0-817 

0-249 

0-56S 

0-609 

0-437 

0-262 

3rd week < 



' 



4 -163 

0-618 

0-535 

III 

239 

> 0-201 

0-033 

0-16S 


IV 

' 230 

0-840 

0-254 

0-.586 

1-207 

0-836 

0-371 


I 

248 

0-260 

0-028 

0-222 

0-745 

0-407 

0-338 


II 

281 

0-944 

0-358 

0-586 

0-S44 

0-530 

0-314 

4tli week 

III 

229 

0-269 

0-042 

0-227 

1-146 

0-636 

0-510 


IV 

245 

1 

0-884 

1 

0-370 

0-514 

1-226 

0-714 

0-512 


rrom Table II it will be seen that retention of calcium was greatest for males 
in group lY (except in tbe dth week). Group II was next in order, then group I 
and lastly group III. The order for phosphorus retention was as follows : Groups 
IV, III. II, and I. As regards females, group II showed the greatest calcium 
retention, closely followed by group lY, while in groups I and III retention was 
less, being almost equal in these groups (except in the 1st week). The mavirmnn 
amounts of phosphorus were retained by groups III and IV and the TninirmiTn 
by group I. Group II (female) showed a higlier degree of retention in the 1st 
and 2nd weeks than in the later period. 


According to Karelitz and Sold (1927), the ratio 

' '' phosphorus retained 

signibcance than the retention of calcium or phosphorus considered 

J, MB 


is of greater 
individually, 
9 
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In Table III the ratio Ca ; P retained has been calcnlatecl from the CaO and P2O5 
figures in Table II ; — 

Table III. 


Ga : P retained in the various groups. 


Group. 

2nd weelc. 

3rd ■week. 

4 th Aveek. 

6th Aveek. 


I 

0-8G 

0-80 

0-60 

1-15 


II 

1-29 

2-02 

0-71 

2-30 

Males 

III 

0-42 

0-37 

0-36 

0-36 


IV 

1-42 

1-62 

I 1-20 

1-71 



6th week. 

7th Aveek. 

81 h AA-eek. 

9th Areek. 


' I 

1-81 

1-07 

1-05 

0-98 


II 

2'08 

2-03 

3-53 

3-05 

Females ■ 

III 

0-94 

0-67 

0-51 

0-72 


IV 

2-12 

1*63 

2-67 

1-64 


Estimations of calcium and phosphorus in the blood are given in Table IV. 
There was a striking difference between the blood calcium levels in the groups 
receiving calcium lactate (II and IV) and those in the other two groups. 

Table IV. 


Calcium and phosplwus per 100 c.c. 0/ hlood. 


Group. 

Calcium (average), 
(mg. per cent). 

Phosphorus (aver.age), 
(mg. per cent). 

I .. 

6-12 

12-89 

II .. 

13-16 

10-39 

Ill .. 

8-32 

11-67 

IV .. 

14-00 

9-33 


Histological study of sections of the parathyroid and th}Toid glands revealed 
the following : — 

Parathyroids. 

Group I . — The glands appeared to be enlarged. The principal cells weic 
loosely and irregularly arranged, ver}^ few oxyphil cells being present, 








Fig. 6. — Tliyroid gland. Group I. Showing colloid Fig. 6. — Thyroid gland. Group II. Showing 

storage and h 3 'po-active condition of the gland. normal structure. 



Kg. 7. — Thyroid gland. Group III. Showing absence Fig. 8. — Thyroid gland. Group IV. Showing 

of colloid m.aterial and inert condition of the gland. normal structure. 




Plate XXIV. 



Fig. 9.— Small intestine. Group I. Showing thin Fig. 10.— Small intestine. Group II, Showing 

musculature and some distortion of the villi. thick musculature and normal vim. 



Fig. 11.— Small intestine. Grouii HI. Showing 
very thin musculature and distortion of the 
villi. 


■ '^' 5 - ■■ 


V' IU-- 


Fig. 22. — Small intestine. 
very thick musculature and 
the epithelium of the villi. 


Group IV. Showing 
some distortion of 
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Tlie blood sinuses were very few in number, many having apparently been 
replaced by strands of fibrous tissue. 

Group II.—Tho glands were of normal size. The principal cells were compact, 
and there was a tendency towards acinar formation. The oxyphil cells could be 
seen here and there. The blood sinuses were numerous, and fibrous bands were 
very few and slender. 

Group ///.—The glands were enlarged. The principal cells were not compactly 
arranged, being separated by a prominent reticular network. A few oxyphil cells 
were ^^sible. The blood sinuses were scanty in number, and there were many 
large fibrous tissue bundles dividing the glands into lobular portions. 

Group IV . — The glands were normal in size. The principal cells were compact 
with a tendency towards acinar formation. Oxyphil cells were observed here and 
there. The blood sinuses vere quite prominent, though less in number than in 
group II. The fibrous tissue bundles were few and narrower than in groups I 
and III. 

Yan Gieson’s method of staining demonstrated the presence of fibrous tissue 
clearly and vividly in contrast with the glandular and elastic tissue m the glands. 

Thyroids and intestines. 

Histological examination of the thyroids revealed appearances in groups I 
and III suggestive of hypofunction ; these were more marked in group III. In 
groups II and IV the glands appeared normal. In groups I and III the small 
intestine showed a tendency towards thinness of the muscular coat, with prominence 
and distortion of the villi ; lymphoid cells were few in number ; there were no 
distinct goblet cells, and the granules in the cells of Paneth were indistinct. No 
abnormalities of this nature were visible in the other two groups. The changes 
in groups I and III are suggestive of inanition. 

Discussion. 

The reported results show that a diet largely based on rice, typical of the diets 
consumed by the poorer classes in many parts of India, is deficient in calcium and 
to a less serious extent in phosphorus. Aykroyd and Krishnan {loo. ail.) observed 
the ‘ growth-enhancing ’ effect which followed the addition of calcium lactate to 
the ‘ poor Madrassi diet ’, and considered that the improvement brought about 
in Indian school children by the provision of .skimmed milk was due in large measure 
to the calcium supplied bj^ the miUc. lYe suggest that the phosphorus present 
in milk also played a part in producing this effect. 

In the present experiment the addition of alkaline phosphate alone had no 
supplementary effect on growth, and indeed growth on the basal diet supplemented 
by phosphate was poorer than growth on the basal diet alone. Mackay and Oliver 
(1935) observed that excess of inorganic phosphate (90 mg. per 100 g. of food) 
caused damage to the kidneys of rats. Salvesan et al (1924) found that, if alkaline 
phosphates are used, no changes in the calcimn and inorganic pliosphorus content' 
of the blood follow as a resvdt of giving small doses over a long period. We used 
alkaline potassium phosphate, which is the least toxic of the phosphate salts the 
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dose being about 80 mg. per 100 g. of food. The poor performance of group III 
cannot therefore be explained as a result of toxic action. Karelitz and Sobl (?oc. cii.) 
noticed that rats consumed less food when idiosphate was added to their diet. In 
our experiments, the animals in group II consumed the smallest quantity of food 
and the histological changes in the intestines and the thjToid gland were suggestive 
of inanition. 

The possibility of supplementing a diet deficient in calcium by the addition of 
pure calcium salts has been the subject of controversy. Sherman (1920a and h) 
and Steenbock el al. (1923) considered that deficiencies of calcium and phosphate 
can be made good by supplying pure mineral salts. The latter workers observe(i 
that while there is no difference in the availability for rats of calcium salts 
such as carbonate, phosphate, silicate or sulphate when these are fed in liberal 
amounts, calcium lactate ‘ did not constitute an especially good source of 
calcium for the animal ’. In our experiments calcium lactate proved an 
effective supplement. 

The relatively good growth shown by group II, receiving an addition of 
calcium lactate alone, may be considered in the light of the observation of Sherman 
and Qliinn (1926) that ‘ calcium intake is a limiting factor as regards storage of 
both calcium and phosphorus in the body, which is increased when calcium only 
is added to the food ’. In our experiments group IV, receiving both calcium and 
phosphate, showed slightly better growth than the group receiving calcium alone. 
Kon (1937) has remarked that ‘ the metabolism of calcium and phosphorus are 

closely interrelated, and it is quite understandable that 

the availability of the calcium of milk may be profoundly influenced and even 
reversed by marked variations in the quantity and quality of the phosphorus 
component of the diet ’. Hence we would emphasize the importance of considering 
phosphorus requirements in conjrmction with requirements of calcium. 

There was a relation between calcium retention and the grovdh rate in our 
experiments. The ratio was, however, felt to be of more 

importance in relation to growth, than the retention of calcium or phosphorus 
alone. The retention of these elements may be increased after a period of deple- 
tion, or storage may occur for the formation of deposits subject to call as the 

needs of the body dictate. Accordingly, attention was given to the (retained) 
ratio, which was found in these experiments to be related to the growth rate. 

According to Karelitz and Sohl (Zoc. cit.), the normal (retained) ratio is 

about 1‘7. Sohl and Bennett (1927) give the higher figure of 2 ‘85 as normal. If 
the normal range of the ratio is taken as 1-7 : 2-85, the ratios in group II (males) 
and group IV (females) are found to be normal, or very nearly so, throughout the 
experiments. Group IV (males) showed normal ratios alternating with Iov'CT 
ones, i.e., they showed a relatively higher retention of phosphorus. Group H 
(females) displayed for the first two weeks of the experiment normal ratios ; during 
•the followng two weeks ratios were higher, indicating higher retention of calcium. 
In groups I and III the ratios were consistently low, indicating poor calcium 
retention. As previously observed, there was a relation betumen the range of the 
ratios and the rate of increase in weight. 
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In groups I and III serum calcium was very low (6-12 mg. and 8-32 mg. per cent 
respectively). In groups II and IV it was ratlier liigh (13'16 mg. and 14'00 mg. per 
cent respectively). Tire plrospliorus content of tlie serum was in inverse ratio to 
calcium content, being highest for group I (12‘89 mg. per cent), next highest for 
group III {11-67 mg. per cent), and 10-39 mg. and 9-33 mg. for groups II and IV 
respectively, Karelitz and Sold (loo. cit.) observed a fall of serum calcium to 
5-5 mg. to 7-0 mg. per cent, and rise of serum phosphorus to 14-5 mg. to 
16-0 mg. per cent, three days after the administration of phosphate to the 
rats. Salvesan and his co-workers {loo. cit.) found that large doses of phosphate 
(0-40 g. to 0-70 g. of phosphorus per kilo of body-weight), administered for a 
period of one to two days, produced symptoms of tetany, the serum calcium 
increasing by 2-5 mg. to 3-9 mg. per cent, and the serum calcium decreasing by 
1-51 per cent to 1-81 per cent. They also noted, however, that small doses of 
phosphate given over a long period produced no clinical symptoms, while no 
changes in the calcium and inorganic phosphate content of the blood occurred 
if alkaline phosphates were given. In our experiments groups III and IV 
received allcaline potassium phosphate, and while group III showed a low 
calcium and a high phosphorus figure, group IV showed the reverse. In group I, 
which received no phosphate, serum phosphorus was higher, and serum calcium 
lower, than in group III which was given phosphate. It is thus apparent 
that the phosphorus intake cannot be held responsible for the serum calcium and 
serum phosphorus levels observed in the experimental animals. 

There has been much controversy whether serum calcium can be increased 
by addition of calcium salts to the diet. "While Denis and Corley (1925) and 
Halverson and co-workers (1917) maintained that no increase of calcium content of 
blood serum in animals was possible by supplementing food with calcium or calcium- 
rich food, Hjost (1925) and Kahn and Eoe (1926) demonstrated without doubt 
that calcium salts (lactate) administered orally to rats produced a definite elevation 
of the level of blood calcium. This observation has found ample corroboration 
in our experiments, since groups II and IV, which received supplements of calcium 
lactate, showed much increased levels of blood calcium. 

The fall in the serum calcium and the corresponding rise in serum phosphorus 
in groups J and III can perhaps be explained in terms of parathjrroid insufficiency, 
the characteristic features of which, according to Salvesan (1923), are a low calcium 
and high phosphorus level in the blood. Maximow and Bloom (1934) also think 
that the increased serum phosphorus is as important as the fall in calcium in tetany 
(or parathyroid deficiency). The structural changes in the parathyroid glands 
of groups I and III, -which were suggestive of hypofunction, also corroborate the 
above theory. But Karelitz and Sohl {loo. cii.) noticed that a high inorganic 
phosphorus and low calcium blood serum content was associated with a spastic 
condition of the limbs in rats, and Hastings and Murray (1921) found that when 
serum calcium was below 7 mg. per 100 c.c. tetany occurred. But in spite of 
conditions favourable for its development, tetany did not occur in groups I and 

HI. Rats appear to be a species in which tetany can be produced experimentallv 
with great difficulty. •’ 

1 • i. glands of the other two groups of animals showed normal 

histological appearances. It is possible that the enlargement of the parathyroids. 
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the inert condition of the th}T:oid gland shown by the absence of colloid material, 
and the thin mnscular coat of the small intestine, which were present in group III 
and to a lesser extent in group I, were due to inanition resulting from malnutrition. 
This is in accordance with the findings of Jackson (1916) and McCarrison (1928). 


Summary. 

(1) Addition of calcium enhances the nutritive value of Indian diets based on 
rice, as assessed by the growth of groups of young rats. This effect is slightly 
increased if phosphorus is also added at the same time. The addition of phosphorus 
alone has no supplementary effect on growth. 

(2) In the groups receiving the basal diet, and the basal diet supplemented by 
phosphorus, changes indicative of hypofunction were observed in the parathyroid 
glands. These changes were not observed when the diet was supplemented by 
calcium, or by calcium and phosphorus given together. 
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Engelhaedt and Loewi (1930) and Matthes (1930) confirmed the previous 
observation of Dale (1914) that the destruction of acetylcholine (A.C.) in the blood 
was probably due to its hydrolysis into choline and acetic acid by an esterase in 
the blood. Stedman et aL'(1932) isolated the enzyme in a purer state and demon- 
strated the specificity of the enzyme as it hydrolysed only choline e.sters. They 
showed that unlike other esterases, such as pancreatic lipase, the enzyme had no 
action on esters like methyl butyrate and they proposed to name it ‘ choline 
esterase’ (C.E.). Since this observation of Stedman_ and his co-workers consider- 
able work has been done to determine the C.E. activity of bloods obtained from 
different sources. The work that has been done so far has recently been very 
well reviewed by McGeorge (1937). The specific property of C.E. of destroying 
A.C. indicates that it probably plays an important role in mammalian physiology 
and pathology. It was, therefore, decided to investigate the C.E. of blood 
under different physiological conditions. 

Methods. 

There are at present three important methods by w'hich the C.E. activity of 
tissues can be determined, viz., (I) the continuous titration method, (II) the 
gasometric method, and (III) the pharmacological method. 

The work was originally started with the aim of studying the C.E. activity of 
the serum and the continuous titration method (Stedman et al., 1933) was followed. 
As the method was not suitable for estimation of C.E. activity of highly pigmented 
solutions like blood or R.B.Cs., the study of which was later thought necessary, 
the gasometric and pharmacological methods were also resorted to. 

I. ^ Continuous titration method (Stedman et al., 1933). — ^In a glass water-bath 
maintained at 30 C. was placed a conical flask (250 c.c.) containing C02-free water 
(100 c.c.) to which were added 5 di-ops of aqueous solution of cresol red (Clark, 
1925) and 25 per cent aqueous solution of A.C. bromide (1 c.c.). The pH of the 
mixture was brought to 8-0 by the addition of requisite amounts of 0-02-H caustic 

( 703 ) 
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soda. A standard borate buffer was kept under similar conditions for comparisoa. 
Serum under examination (1 c.c.) was next added to tlie mixture and the pH 
readjusted to 8-0 l)y the addition of standard alkali. The hydrolysis of the substrate 
proceeded immediateh'^ with the liberation of acetic acid ; the standard alkah was 
added drop by drop from the burette to maintain the pH of the mixture at the 
original level and the amount of the standard alkali used in 20 minutes was noted. 
If the serum wnas pigmented 1 c.c. of it rvas added to the standard borate buffer 
also which was kept for comparison. 

II. Gasometfic method (Stedman and Stedman, 1935). — Bicarbonate Binger’s 
solution (5 c.c.) and 1 c.c. of the licpiid under investigation were added to each 
flask of the Barcroft’s differential manometer. Bicarbonate Ringer’s solution 
(0‘5 c.c.) and 1 per cent aqueous solution of A.C. bromide {0‘5 c.c.) w^ere then added 
to the side tube of one of the flasks and the second flask was also treated surularly 
except that w’^ater was used in place of aqueous solution of A.C. bromide. The 
appara-tus was then assembled and immersed in a water-bath at 30°C. Bpth the 
flasks were so arranged that they could be evacuated and filled repeatedly_ with a 
gas mixture composed of 95 per cent N and 5 per cent CO 2 till most of the air from 
the apparatus had been replaced by the gas mixture. The stop-cocks of the flasks 
were readjusted, shaking commenced and continued till the equilibrium was 
reached ; the contents of the twm compartments of the flasks were then mixed and 
shaking started again. The amount of CO 2 thus liberated in 30 minutes was 
measured and reduced to N.T.P. in the usual wmy. 

III. Pharmacological method.— 'Pox the pharmacological method the rectvs 
abdominis muscle of Rana tigrina was used. 0*5 c.c. of defibrinated blood diluted 
to 1 : 10 was allowed to react at room temperature (27 °C.) with an equal volume 
of 1 : 10^ sohxtion of A.C. for 180 seconds. The mixture was then immediately 
added to the bath containing the rectus abdominis muscle previously sensitizeu 
by soaking in 1 : 3 X 10® solution of eserine in Ringer’s solution. The contraction 
of the muscle was recorded on a moving drum for exactly 75 seconds after which 
the drum was stopped and the bath replaced with fresh Ringer’s solution. The 
muscle was allowed to relax and if necessary, was pulled lightly to bring it to its 
normal level. The Ringer’s solution was then replaced by eserinized Ringer s 
solution and the muscle was ready for another application of A.C. The tune for 
which the muscle was kept in eserinized Ringer wms 5 minutes. Control appli- 
cations of A.C. were frequently made to see that the muscle was responding to the 
same concentration of the drug with the same degree of contraction. The capacity 
of the bath was 100 c.c. 

C.E. CONOENTKATION OF SERA IN DIFFERENT SPECIES AND INDWIDUALS 

OF THE SAME SPECIES. 

Stedman and Stednian (Zoc. cit.) found that C.E. concentration of sera or blood 
of different animal species and also amongst individuals of the same sjiecies varies 
considerably though it remains constant for particular individuals for a consideriibly 
long period. Verebely (1936) studied about 100 human sera and confirmed the 
earlier observations of Stedman and his associates. In the present investigations 
cuts’, dogs’, and guinea-pigs’ sera and guinea-pigs’ blood have been examined for 
their C.E. activity by methods I and 11 respectively. The results obtained arc 
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sTaown in Tables I and II. It will be seen from tbe tables that tlie C.E. activity 
of sera or of blood of different animal species or among individuals of tbe same 
species varies, but remains almost constant for each particular individual for a 
fairly long period. The results, therefore, confirm the observations made by 
previous workers. 


Table I. 

Showing the choline esterase activity of cals’, dogs’, and guinea-figs’ sera 
in c.c. of 0'02 N NaOH required to neutralize the acid 
liberated in 20 minutes. 


Case 

number. 

Cate’ Sera. 

Dogs’ sera. 

Guinea-pigs’ sera. 

1 

1 

i 

I ' 

t 

I*S 

3-45 


1 

t 

1 

! 

2 

1-5 

3-10; 

3-2 (10 days after) 

4-4 

3 

1-0 

3-00 


i 

4-2 

4 

1-0 

2-9; 

2-9 ( 4 „ 

i 

) 

3-5 

5 

I'O 

! 

2-7; 

2-8 (12 „ 

) 

3‘3 : 3’1 (13 days after). 

6 

j 

2-3; 

2-1 (15 „ 

>• ) i 

2-6 ; 2-7 (13 „ „ ). 

7 

•• 

2-2; 

2-2 (24 „ 

.. ) 

2-25 

8 

•• 

2-2 



2-15 ; 2'3 (1 month after). 

9 


VOS 



2-1 

10 


•• 

- ' 


2"05 

i 

1 
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Table II. 

Shoiving the C.E. activity 0/1:5 dilution of guioiea-pigs’ blood in c.c. 
of CO 2 evolved diiring 30 minutes, calcidated at N.T.P. 


Case ' 
number. 

COj. 

CO 3 

after 3 da 3 ' 3 . 

CO, 

after 8 claj-s. 

CO, 

after 29 days. 

1 

0-1721 

• • 

, , 

• . 

2 

0-1549 

•• 

0-1516 

0-1481 

3 

0-1 516 

•• 

•• 


4 

0-1481 

0-1429 

•• 


6 

0-1377 

0-1380 

0-1336 


6 

0-1.377 

•• 

0-1410 


7 

0-1377 

•• 



8 

0-1360 

\ 



9 

0-1343 

•• 



10 

0-1326 

•• 

•• 


11 

0-1308 

•• 

0-1343 


12 

0-1304 




13 

0-1291 

0-1291 

0-1251 


14 

0-1244 

0-1244 

0-1307 

0-1306 

15 

0-1215 

0-1219 


•• 

16 

0-1205 

•• 

0-1240 

0-1205 

17 

0-1119 

0-1136 

0-1107 

0-1117 

18 

0-1033 

0-1033 

0-1108 

0-1033 

19 

0-09797 

0-09642 


0-09660 


In the above experiments cats’ and dogs’ blood was taken from a vein, 
the guinea-pigs’ blood was withdrawn from the heart. 
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In order to see if there was any difEerence in tire C.E. activity of the arterial and 
venous blood dogs were aiiEesthetized with ether and their blood taken out from 
the femoral vein and the carotid artery. The sera of these were removed carefully 
with a pipette and the C.E. activity of each estimated by method I. The obser- 
vations were extended further and changes in the C.E. activity of blood serum 
after death were also studied in a few experiments. The animals were killed by 
injecting air intravenously and samples of blood taken from the heart at 20 minutes’ 
and 40 minutes’ intervals after death. The results are summarized in Table III ; — 


Table III. 

Showing the C.E. activity of dogs’ scrum in c.c. of 0‘02 N NaOH 
required to neutralize the acid liberated in 20 minutes. 


Case 

uuniber. 

Sei-um from^ 
arterial 
Llood. 

! 

Serum from 
venous 
blood. 

Serum from 
blood taken 
20 minutes 
after death. 

Serum from 
blood taken 

40 minutes 
after death. 

1 

2-0 

2*2 

2*2 

2-1 

2 

! 

3-2 

3-4 

3-0 

3*1 

3 

i 

2-1 

i 

2-3 

... 

• • 

4 

i 

i 

2-9 

! 

1 i 

2'8 

1 

•• 



It will be seen from the above table that the C.E. activity of serum obtained 
from arterial blood is the same as that of serum obtained from the venous blood 
and that blood taken from the animal a few minutes after its death retains its 
C.E. activity. 

Stability of the esterase. — Stedman and Stedman (loc. cit.) have shown that 
dilution of blood with "water lowers its C.E. activity as the stability of the enzyme 
IS poor in dilute solutions. This observation was confirmed in my experiments. 
As it is sometimes inconvenient to examine the serum or blood for its C.E. activity 
immediately after its removal, experiments were designed to see the stability of 
the enzyme under difierent conditions of storage. 

Samples (rf dogs’ blood serum were therefore stored in a refrigerator for 48 
hours and the C.E. activity of the samples determined before and after their storage. 
It was observed that such storage did not in any way affect the enzyme activity. 
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In one experiment clefibrinated human blood was stored in a refrigerator for 
72 hours and its C.E. activity was determined before and after its storage by method 
II. The blood sample before its storage liberated 0'18666 c.c. of CO 2 calculated 
at N.T.P. and 72 homs after its storage in the refrigerator it again liberated 0‘18666 
c.c. of CO 2 calculated at N.T.P., as before. 

These results show that the tissues can be stored in a refrigerator for a couple 
of days without any appreciable loss in their C.E. activity. The esterase was, 
however, found to be unstable at room temperatures. The activity of the enzyme 
was found to deteriorate considerabl}’- by Peeping it at room temperature (27 °C. 
to 30°C.) for 24 hoiu’s. Higher temperatm-es such as 50°C. to 60°C. were found 
to destroy the enzyme considerablj* in 15 to 20 minutes. 


Epitect op dipperence m physiological conditions. 

(a) Effect of slccjdessness . — Dikshit (1934) has shown that injections of A.C. 
(OTy to 0'5y) into the lateral ventricle of the brain or deeper into the hypothalmic 
region of cats produced a condition closely resembling sleep ; the study of the C.E. 
activit}’’ of bloods of the animals kept awake for a considerably long period was, 
therefore, thought to be of interest. To carry out the experiment two guinea-pigs 
were kept in a continuously revolving cage and the C.E. activity of their^ blood 
determined before and after the experiment by method II. (In all experiments 
with guinea-pigs’ blood, the blood was obtained b)’- heart punctme and diluted 
to 1 : 5 with distilled water.) Table IV shows the results : — 


Table IV. 

Shoiving the effect of slecjiHessmss on the choline esterase activity 

of guinea-jnys’ blood. 


Case 

number. 

CO„ noimal. 


CO„. 

1 

0-1119 1 

i 

0-H02 ( 96 

hours after slecple.ssiiess). 

2 

0-132G 1 

1 
1 

0-1377 (144 

j' if it )• 


Thus it was found that sleeplessness had no effect on the C.E. activity of 
blood of the animals. 

{b) Effect of tcmperahire . — To study the effect of temperature a guinea-pig 
was kept in the ^vater-batll at 45°C. for 90 minutes and its blood examined for the 
C.E. before and immediately after the experiment and also 24 hours after the 
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experiment. The rectal temperature of the animal rose considerably but such 
a change in the temperature did not in anj’’ way modify the activity of the 
enzyme. 

(c) Effect of starvation and feeding of glucose. — In a recent publication Quastel 
ct al. (1936) have shown that increased glucose concentration increased the choline 
ester formation activity of tissues in vitro and Hebb (193.5) observed that concen- 
tration of blood sugar affects the amount of enzyme secreted by the pancreas. Jt 
was, therefore, thouglit that glucose feeding in animals, which would raise tlieir 
blood-sugar level, might bring about some change in the C.E. activity of blood of 
the animals. 

To study the effect of starvation on the C.E. activity of the blood of the aniinals, 
three guinea-pigs were starved and the C.E. activity of their blood determined 
before and after the experiment by method TI. Two of these guinea-pigs died 
after 120 hours’ starvation. In the only surviving case (case 2) 6 g. of glucose in 
water, in two equal portions with an interval of three hours between each dose, 
were administered, the blood sample being taken after another 3 hours and 
examined for the C.E. activitj'. 


Table V. 

STioxoing the effect of starvation and ghicose feeding on the choline esterase 
activity of guinea-pigs’ blood. 


Case 

number. 

COo before 
fast. 

1 

CO, after 

50 boiira’ 
fast. 

CO, after 
' 100 hours’ 

1 fast. 

1 

CO 5 3 hours 
after glucose 
administration. 

1 

0-12990 

0-12570 

0-1170 

• . 

2 

0-12060 

0-11880 

0-09980 

0-11360 

3 

0-144G0 

0-14120 

0-11020 

! 

•- 


From Table V it would appear that there is a slight lowering in the 
C.E. activity of blood of the animals due to starvation, but side b}- side deter- 
minations by method III showed no such change. Glucose feeding in the only 
surviving case after 120 horns of starvation shows no significant change in the 
C.E. content of its blood. 


Action of drugs on the C.E. activity of guinea-pigs’ blood. 

It has been observed by several workers (McGeorge, loc. cit. ; Matthes, he. cH.) 
that eserme mlnbits the enzyme and this is completely restored to normal by 
removal of eserme by dialysis. The effect of some other dnigs was therefore studied. 
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A few guinea-pigs (body-weight 600 g. to 650 g.) were injected with strj^chnine 
sulphate, morphine hydrochloride, acetylcholine bromide, and cobra venom, sub- 
cutaneously, and the C.E. activity of their blood examined by method TI. 

Table VI. 

Slioiving the effect of drugs on the C.E. activity of blood of the animals. 


Case 

number. 

Strj'cliniue sulphate 
injected. 

COj before 
injection. 

CO, during 
convulsions. 

CO, 96 hours 
after the 
injection. 

1 

3-2 mg. 

0-1308 

0-1343 


0-1119 

o 

3-2 „ 

0-1481 

0-1429 


0-1435 

3 

Q.9 

O — ,, 

0-1275 

0-1219 


0-1229 

Oasa 

number. 

Morphine hydrochlor- 
ide injected. 

CO, before 
injection. 

CO, 1 hour after 
the injection. 

4 

31'0 mg. 

0-1136 

0-1190 

6 j 

108-6 „ 

0-1120 

0-1170 

Case 

number. 

A.C. injected. 

CO, before 
injection. 

CO 3 2 hours 
after injection. 

G 

3 c.c. of 1-1000 solution in 3 equal 
jiortions at 1 hour 
interval each. 

0-10330 


0-09298 

7 

3 c.c. of 1-100 

99 

0-10290 


0-10680 

S 

3 c.c. of 1-10 

99 

0-14810 


0-13610 

Case 

number. 

Cobra venom injected. 

CO, before 
injection. 

CO, after 
death. 

9 

10 mg. 

0-1343 

0-1343 


Thus it was e^ddent that the subcutaneous injections of the drugs had no 
effect on the C.E. activity of blood of the animals. 

Discussion. 

The remarkable work of Dale and his co-workers has demonstrated^ the 
importance of A.C. as a chemical agent concerned in different physiological functions. 
As C-E. is concerned with the hydrolysis of A.C. it is very probable that the 
esterase may also play an important part in regulating the different physiological 
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functions of the body. The experimental work on the esterase activity of the 
tissues has been only recently started and the exact role C.E. plays in physiology 
is so far unexplained. Certain facts regarding the behaviour of C.E. have, however, 
now been recognized by several workers. Thus it is generally agreed that the C.E. 
values of the blood differ in different species of animals and also in different individ- 
uals of the same species. It has also been agreed that the value remains constant 
for the same individual. These previous observations have been confirmed by 
my experiments. Having confirmed the fact that the C.E. values of blood are 
constant for an individual over prolonged periods, attempts were made to change 
the physiological conditions of the animals and see if such changes made any 
fluctuations in the C.E. activity. It has been found that changes, such as starvation, 
feeding, increased temperature, loss of sleep, etc., produce but little alteration in the 
C.E. values of the blood of experimental animals. Administration of potent drugs, 
such as morphine and strychnine, also leave the esterase activity undisturbed. 
In fact, injections of acetylcholine itself, in comparatively large doses, fail to produce 
any change in the blood esterase. In all the experiments detailed above the 
esterase activity of the blood only has been studied. How far these different 
physiological variations affect the esterase activity of the tissues, it is not 
possible to say at the moment. The only conclusion one can draw from these 
results is that the esterase activity of the blood remains unchanged in the 
varying physiological conditions enumerated above. 


SUMMAUT. 

1. The choline esterase activity of serum or of blood of different animal 
species or among individuals of the same species varies but remains fairly constant 
for each individual for considerably long periods. 

2. The choline esterase aetivity of arterial and of venous blood or serum is 
the same and that blood taken from the animal a few minutes after its death retains 
its choline esterase activity. 

3. Blood can be stored in the refrigerator without any appreciable loss in its 
choline esterase activity ; dilution of blood with water reduces the choline esterase 
activity. 

4. Sleeplessness, change in the surrounding temperature, fasting, or glucose 
feeding has no effect on the choline esterase content of blood. 

6.- Subcutaneous injection of strychnine sulphate, morphine hydrochloride 
acetylcholine bromide, or cobra venom has no effect on the choline esterase 
content of blood. 
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Magidson and Gobbo-wizki (1935), -who studied the physiological action of 
a number of compounds derived from aminomethyl-hydrocotarnine, reported 
that some of them had a powerful mydriatic action. The reaction between 
anhydro-cotarnino-methylamine and several aromatic nitro-acid chlorides and the 
reduction of the resulting compounds to the amines have recently been investigated 
by Dey and Labshndkantham (1937). These products resemble closely in structure 
the well-known drugs of the type of novocaine and the work w'as undertaken in the 
hope that one or more members of this group might find application as useful local 
anaesthetics. 

A number of other derivatives of cotarnine have been studied and a paper 
on the preparation, properties, and phaimacological action of anhydro-cotarnine- 
carbamide has already been published (Dey el al., 1931). 

Anhydro-cotarnino-methylamine, which w^as obtained as a yellow oil by the 
* reduction of cotarnino-nitromethane, reacted readily with p-nitrobenzoyl-chloride 
in benzene solution, the crystalline hydrochloride of the nitro-base separating out 
. almost quantitatively. The free base was prepared by prolonged treatment of 
the hydrochloride suspended in water wuth strong ammonia and the resulting 
mb • ( 713 ) 10 
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p-nitro-benzoyl-aminomethyl-liydrocotarnine was reduced to the amine by shaking 
with stannous chloride. Para-aminobenzoyl-aminomethyl-hydrocotarnine was a 
strong base and dissolved easily in cold dilute acids to form neutral solutions. 

The following scheme explains the reactions involved in the preparation : — 



O.Me. CH.OH O-Me up 

COTARNINE CH2NO2 - 


^CH2 



O.Me CH O.Me CH 



CH2 


NH-C0-<CZ)'^°2 


O.Me CH 


CH2 

NH-CO- )> NHj 


Experimental. 

Anhych'o-cotarnine-nitrometJiane was prepared in quantitative yield by th® 
method described by Hope and Robinson (1911). It crystallized from 
in colourless prisms melting at 129°C. It formed a sparingly soluble Jiydrociilome 
melting at 189°C. and a picrate melting at 137°C, 

Anlnjdro-colarnmo-melliylamine [Magidson and Gorbowizki [loc. cit.)', Hawor i 
and Perkin (1925)]. The cotarnino-nitroraethane (5 grammes) was dissolve 
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dry methyl alcohol (50 c.c.) containing sodium methoxide (Na, 1 gramme) and poured 
into a solution of 15 grammes of sodium hydroxide in 50 c.c. of water. The 
clear solution was heated at 60°C. on the water-bath and zinc dust (40 grammes) 
added in small portions during two hours. The mixture was cooled in ice, extracted 
thrice with ether (30 c.c. each time), the ether extract dried over potassiuna car- 
bonate and the solvent removed. The pale yellow oil which remained weighed 
3T grammes and decomposed on distillation. The dihydrochloride was preci- 
pitated on saturating the ethereal solution of the base with dry hydrogen chloride 
gas. It dissolved readily both in water and in alcohol and melted at 227°C. 
The picrate and the sparingly soluble sulphate melted at 200 °0. and 220 °C. 
respectively. 

Para-mtrobenzoyl-am.inomeihyl-hydrocoiarnine. — Anhydro-cotarnino-m eth y 1 a - 
mine (3-5 grammes) was dissolved in dry benzene (10 c.c.) and p-nitrobenzoyl- 
chloride (2-6 grammes) dissolved in benzene (10 c.c.) slowly added. The hydro- 
chloride of the base separated almost immediately as yellow crystals with 
considerable evolution of heat. The crude hydrochloride, after washing with 
benzene and then with water, and drying, weighed 4-5 grammes. It was practically 
insoluble in cold water but dissolved in boiling water and crystallized therefrom 
in colourless prismatic needles. The cr}'stals contained one molecule of water 
of crystallization and melted at 234 °C. 

The free base was obtained from the powdered hydrochloride by keeping it ' 
in contact with strong ammonia for twenty-four hours. The solid changed at 
first into a sticky mass which slowly became granular. It was filtered, washed well 
with water, and crystallized from rectified spirits. It formed light yellow rhombic 
plates melting at 138°C. 3'1 grammes of the free base w'ere obtained from 3'8 
grammes of the hydrochloride. The base formed also a sparingly soluble nitrate 
(fern-shaped crystals) melting at 190°C. and a ^ncra/e melting at 138°C. 

The hydrochloride as well as the free base were analysed : — 

Found ; Cl in dried hydrochloride, 7 '39 per cent. 

C2oH2i06Ff3.HCl requires Cl, 8-14 per cent. 

Found : H 2 O in salt, after dr}dng at 11075 mm., 4‘35 per cent. 

C20H21OeN3.HCl.H2O requires H2O, 3'97 per cent. 

Para-aminobenzoyl-aminomethyl-hydrocotarnine. — The nitro-body (2'5 grammes) 
was thoroughly powdered and added very gradually to a mixture of stannous 
chloride (9 grammes), concentrated hydrochloric acid (25 c.c.) and a piece of 
granulated tin, and the whole shaken in a mechanical shaker for about ten hours. 
Water (125 c.c.) was added, the clear liquid was basified with excess of 26 per cent 
sodium hydroxide and the separated solid washed with water, dried on a porous 
plate and then in the desiccator, and the dry .solid extracted repeatedly either with 
warm benzene or absolute alcohol (eO^C.). The amino-body separated from the hot 
solvent in colourless, short prismatic rods melting at 185 °C. It dissolved in dilute 
acids and was reprecipitated unchanged on basification. The yield was 1-2 grammes. 
It formed a picmia melting at 167°C. and gave a red dye when diazotized and coupled 
with ^-naphthol. The acetyl derivative separated from dilute alcohol in rectanmilnr 
plates melting at 135 C. ° 
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(Found : C, 64-89 ; H, 6-23 ; N, 11-09 jjer cent. C20H23O4N3 requires Cj 
65-04; H, 6-23; N, ]l-39 per cent.) 


PirAPvMACOLOniCAL ACTION. 

Action on lower forms of life. — The lethal action of the drug was tested on 
Paramoecia cultured in the laboratory. This gives an indication regarding the 
action of the compound on protozoa in general, as well as bacteria. A dilution of 
1 in 2,000 killed most of the Paramoecia in minutes, and all of them in 6 minutes.- 
Dilutions of 1 in 10,000 and above had no effect at all even after exposure for one 
hour or more. Other workers have shown that cocaine is too toxic to these protozoa 
in dilutions as high as 1 in 10,000. their movements being hindered, while stronger 
solutions stop and kill them. So the comiiound under investigation seems to be 
less toxic than cocaine in this respect. 

Toxicity. — The utility of a drug is proportional to its toxicity and the determina- 
tion of local anaesthetic effect is valueless unless its toxicity is also known. So 
we tested the toxicity of the compound on different animals. No attempt was 
made to correctly assess the median lethal dose, but a comparative study was 
made of the toxicity of the drug with that of cocaine. Injections were made 
subcutaneously in every case. Intravenous injections of local anaesthetics are 
not usually given since such a procedure is often fatal. It is known that the ratio 
of the toxic dose of a drug, such as procaine, to that of cocaine on subcutaneous 
injection bears no relation to the ratio of the intravenous toxic doses. Hence, in our 
opinion, comparison of the subcutaneous toxic dose of a drug with that of cocaine 
gives us a general idea as to its suitability for practical use. 

The animals used were mice, guinea-pigs, cats, and dogs. It is known that the 
frog is more resistant to the toxic action of cocaine than are wmrm-blooded animals, 
and small rodents and birds are more resistant than larger mammals {SoUs-CoJien owl 
Githens). Our re.sults are given belo-w : — 


Table I. 

i 

1 

]\r. L. D. of the 
compound (rag. 

per kilo) 
(approximate). 

1 

M. L. D. of cocaine 
(mg. per kilo) 

1 (approximate). 

Jlice 

100 

100 

Guinea-piers . . 

80 

60 

Cats 

45 

25 

Dogs 

25 1 

20 


Our results show that, at an}-- rate, the compound under investigation is not 
more toxic than cocaine under the same conditions. 
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Local anesthetic action. 

studied tlie local aniBstlietic action of the drug under three main heads : — 
(a) Blocking of conduction along frog’s sciatic nerves, 

{h) Effect on rabbit’s and human corneas, and 
(c) Human, wheal on intradennal iniection. 

(a) Paralysis of frog’s sciatic nerve . — Two properties of the drug are measured 
b)'^ this method, the power to penetrate nerve sheaths and the power to paralyse 
sensory and motor conduction along nerve fibres. 

The preparation used was the sciatic-gastrocnemius of the frog. The drug 
solution dissolved in saline was applied to a short length of the nerve trunk, and 
the muscle was kept moist by a thin la}’-er of cotton-wool soaked in saline. The 
preparation was mounted in a moist chamber with glass sides. The stimulus used 
was a break shock from a secondary coil of an inductorium placed at a definite 
distance from the primary coil, and the time ivas measured at which the nerve 
failed to respond to stimulus. 

The results are tabulated below : — 

Table II. 


Tisie of onset of FAnAi-vsis 

OF CONnOCTION JN 
MINUTES. 


The dnig imuer 
iuve.stigatioii, 

1 ijec cctit 
solution. 

Coo.aine, 

1 per cent 
solution. 

48 

26 

12 

20 

28 ' 

44 

3 

63 

35 

8 

43 

6 

42 

7 

47 

8 

36 


30 

20 

46 

24 
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Cocaine appears to be stronger in causing paratysis of conduction along tlie 
frog’s sciatic. But tbe variations are enormous. Sinba (1936) comparing the 
results obtained with different methods in assessing the local anaesthetic action 
of drugs found the greatest variation in the rate of paralysis of the frog’s sciatic, 
and was of opinion that this method was unsuitable for the assay of local 
anaesthetics. Our results confirm his finding. 

(6) Local anceslhesia of rabhiVs cornea . — The method was to instil a few 
drops of a solution of the drug into one eye of tbe rabbit, and of an equal strength 
of cocaine into the other 6 )^ 0 . The ejmlashes were previously cut to prevent reflex 
winking. Cocaine was found to cause mydriasis in three minutes which lasted for 
about 30 minutes. Unlike cocaine, the drug under investigation did not cause 
mydriasis and was slightly irritant to the conjunctiva and cornea. The results are 
tabulated below : — 

Table III. 


Percentage 
strength of 
solution. 

p-ATillNOBENZOYL-AMINO- 

METHYI.-L-HYDHOCOTABNINE. 

C0C.\INE. 

1 

Onset in 
minutes. 

Duration 
in minutes. 

Onset in 
minutes. 

Duration 
in minutes. 

1 

1 

16 

1 

Very transient. 

1 

1 

46 

13 

Transient. 

1 

3 

23 

3 

10 

O 

With adrenaline 
hydrochloride 

1 in 60,000. 

1 

65 

t 

1 

20 

1 

3 

1 

1 

1 25 

1 

1 

17 


(c) On the human cornea. — ^^^3ile these results show that the drug under 
investigation is certainly superior to cocaine in its action on the rabbit’s cornea, 
as not only the onset of anaesthesia is quicker, but the duration of anaesthesia is 
also longer, we have been surprised and not a little puzzled by the contradictory 
results obtained on the human cornea. One to 4 per cent solutions with and 
without adrenaline 1 in 60,000 did not produce any appreciable loss of sensation 
when instilled into the human eye. The experiments were made on two of us 
(J. C. D. and R. K.) as well as tliree of the laboratory attendants, and the results 
were uniformly disappointing. There was some preliminary irritation with 
lachrymation. This passed off in a minute or two, but no further effect was noticed. 
The preliminary irritation was enhanced with 4 per cent solutions liut no local 
ansesthesia followed, whereas the efficiency of cocaine in 1 to 4 per cent 
strengths as a surface aneestlietic in eye operations is T;vell known. It is not under 
stood why there should be this difference in the action of the drug under investigation 
on the cornea of the rabbit and that of man. 
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(d) Intradermal ^vlieal method .— metliod used was to inject 0-25 c.c. of 
a sterilized O'l per cent solution of tlie drug intracutaneously on the flexor surfece 
of the forearm. A 1-c.c. syringe graduated to O-Ol c.c. was empbyed. The 
duration of the loss of sensation was measured by marking the anaesthetic area and 
noting the insensibility to pin pricks as compared to the surrounding area ot the 
skin. The end point was taken when the sensitivity approached that ot the normal 
surrounding skin. The results obtained are as follows : — 


Table IV. 


p-AinNOBENZOyL-AMINO- 

METHYL-L-lITDBOCOTilRNrsr., 

1 PER CENT SOLtmOK. 

Cocaine, 

1 PER cent solution. 

Onset in 

Duration 

Onset in 

Duration 

minutes. 

in minutes. 

minutes. 

in minutes. 

1 

20 

1 

8 

1 

76 

1 

1 

76 

i 

30 

4 

31 

4 

37 

4 

35 

4 

75 

1 

75 






With 1 in 50,000 of adrenaline the onset of anaesthesia was almost immediate 
in both cases and the anaesthesia lasted for more than 100 minutes. 

The local anaesthetic action of the compound under investigation as tested by 
the intradermal wheal method is equal to that of cocaine. It v/ill be seen from 
the results that there is much less variation with the intradermal wheal method 
than with other methods used. 


With solutions of p-aminobenzoyl-aminomethyl-l-hydrocotarnine some 
hyperaemia was noticed surrounding the central white area lasting for as long as 
three days. In one case there was some haemorrhage into the wheal and a 
permanent pigmented spot has been left on the arm. Perhaps, the drug may be 
found useful for infiltration anaesthesia, but is certainly inferior to novocaine 
because of its tendency to cause local irritation and its toxicity which approaches 
that or cocaine. 

Adrenaline seems to enhance the local anaesthetic action of the druv tested 

by the wlieai , but does not significantly increase its eflect on the°rabbit’s 
comcsi. 
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(e) Anaesthesia of human digital nerve. — ^Final tests were made on human 
fingers (i.e., digital nerve trunks) in combination with adrenaline, in order to test 
tlie probable clinical value of the new compound for b}^odermic use. A small 
quantity of the solution (0‘5 c.c. of 1 per cent) was injected at the root of the finger 
as near as possible to the digital branch of the radial nerve, the injection being 
made through a wheal first raised on the skin in order to make the prick of the needle 
painless. Anaesthesia was considered to be complete if the sensation to pin prick 
was abolished in the area of the distribution of the fibres of the nerve trunk, distal 
to the point of injection, i.e., up to the root of the nail on the lateral half of the 
finger. 

Our rekdts were negative, no anaesthesia being produced at the finger tip. But 
some swelling, redness and tenderness were noticed lasting up to 48 hours. Pain 
on pressure lasted as long as a week. These evidences point to the unsuitability 
of this compound in clinical practice. 

The general geharniacologieal effects of the drug were studied by giving 
intravenous injections to anaesthetized cats and dogs, and recording the effects on 
various organs. 

On respiration. — Intravenous injections of the drug into cats and dogs produce 
gradual depression of the respiratory centre leading to decrease in the amplitude 
of respiratory movements and marked slowing. The effects are noticed with 
doses as small as 5 mg., though recovery soon takes place. But with larger doses 
the action is more marked, and stoppage of breathing invariably occurs with toxic 
doses leading to circulatory failure. 

On circulation. — The effects are variable. Doses as small as 2| mg. produce 
a transient rise of blood pressure. With 6 mg. this rise is rarely noticed, but a 
temporary diminution of blood pressure is noted. The heart in situ is temporarily 
stimulated by small doses. Even larger doses do not produce any appreciable 
depression of the heart. 

The volume of the spleen tends to fall wuth small doses, but often there is a 
marked rise subsequently with great improvement in the automatic movements. 
The isolated spleen perfused in a Dixon’s apparatus shows a preliminary contraction 
followed by dilatation of the blood vessels as noticed by the outflow of the perfusate. 
The kidney volume also shows a slight increase. 

Plain muscles lilce the intestine and uterus show increase in tone and rhythmicity- 
The effect on the uterus is not as marked as with cotarnine itself. 


SUMMABY. 

1. The preparation and chemical properties of p-aminobenzoyl-aminomethyl- 
l-hydrocotarniuc is described. 

2. p-aminobenzoyl-aminomethyl-l-hydrocotarnine is a strong base dissolving 
easily in cold dilute acids to form neutral solutions. 

3. The toxicity of p-aminobenzoyl-aminomethyl-l-hydrocotarnine is 
greater than that of cocaine. 
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4. The local ansesthetic action of the drug was studied by different methods 
and compared with cocaine. It was found to produce corneal anaesthesia in the 
rabbit almost instantaneously, and the effect lasted much longer than with cocaine. 
But strangely enough it had no action on the human cornea. The local anaesthetic 
action as judged by the intradermal wheal method was equal to that of cocaine 
and was enhanced bj’’ the addition of adrenaline. 

5. Small doses given intravenously to dogs and cats had little effect on 
circulation and re.spixation. Sometimes there was a transient stimulation of the 
heart or rise of blood pressure. With larger doses the respiration was slowed 
and depressed, and finally failed. 
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RED CELLS, HAEMOGLOBIN, COLOUR INDEX, SATURATION 
INDEX, AND VOLUME INDEX STANDARDS. 

Part 11. 

NORMAL INDIAN WOMEN : A STUDY BASED ON THE 
EXAMINATION OF 101 WOMEN. 


BY 

S. S. SOICHEY, 

S. K. GOKHAI.E, 

M. A. MALANDKAR, 

AND 

H. S. BILLIMORIA. 

{From the Haffhine Institute, Bombay.) 

[Beceived for publication, September 3, 1937.] 

In a previous paper (Sokhey et al., 1937) attention was di’awn to the lack of 
accurate data for normal standards for blood, the figures usually given in textbooks 
being based on a few examinations carried out a long time ago, when the methods 
were not so accurate. During the last ten years a number of workers, chiefly 
Osgood (1926, 1927), Wintrobe and Miller (1929), Wintrobe (1930), Price-Jones 
(1931), and Haden (1933), have published accurate data for white Americans and 
Europeans. We have carried out similar studies for normal Indian men and women. 
Data for normal Indian men have already been published (Sokhey et al., loc. cit.), 
and in this paper we present the result of a study of 101 normal Indian women. 

Until a short summary of our early results appeared in the report of the 
Hafikine Institute for the year 1929 (Sokhey, 1929), no data for normal Indian 
women were available. Even for European women no recent accurate data were 
available until Osgood and Haskins (1927) published their study of 100 wliite 
American women. Since then more data have been published in America and 
Europe by other workers, for example, Wintrobe (1930) for 50 women, Price- 
Jones (1931) for 100 women, and Haden (1933) for 30 women; Napier and Das 

( 723 ) 
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Gupta (1935) have piihlishccl the results of a study based on the examination of 
17 normal Indian coolie women. But they remark ‘ although we have used the 
word “ normal ” there is strong evidence to suggest that in these coolies the 
erythron is not in a state of physiological equilibrium 

The one hundred and one women examined by us were medical students or 
nurses from the neighbouring hledical College and hospitals. Our subjects were 
between lj8 and 30 years of age exce 2 )t five, three of whom were 16 and two 17. 
This age grouj) was selected so that our results may be comparable to 
the only extensive study published at the time (Osgood and Haskins, loc. cit.). 

All our subjects belonged to the Bombay Presidency. Some of them were 
vegetarians, ■while others were on mixed diet. And as we have pointed out in our 
previous paper {loc. cit.) this matter of diet did not constitute an important 
difference. Both groups subsisted more or less on the same sort of diet except 
that some ate a little mutton or eggs now and then. Both groups consumed milk. 
None of the subjects was pregnant at the time of examination and no attention 
-was paid to them menstrual cycle. 

We do not describe the methods used for this study, as they have been already 
fully described in our previous paper {loc. cit.). 

Table I, 


Blood findings in one hundred and one normal young women. 


Serial 

number. 

1 

Age. 

Diet. 

Red cell 
count, 
millions 
per c.mm. 

1 

Hemo- 

globin, 

grammes 

per 

100 c.c. 

Hemo- 

globin 

coefii- 

cient. 

Cell 

volume, 
c.c. per 
100 c.c. 

Coll 

volume 

coeffi- 

cient. 

Coloiu- 

indox. 

Volume 

index. 

Satura- 

tion 

index. 

1 

20 

V 

3-S5 

11-60 

15-07 

30-04 

39-01 

1-04 

0-96 

1-08 

2 

20 

V 

3-Sl 

11-86 

15-56 

31-80 

41-74 

1-07 

1-03 

1-04 

3 

27 

M 

4-63 

11-82 

12-76 

34-13 

36-84 

0-88 

0-91 

0-97 

4 

30 

M 

4-o3 

12-94 

14-28 

35-93 

39-67 

0-98 

0-98 

1-01 

5 

27 

M 

4-78 

12-84 

13-43 

36-81 

38-50 

0-92 

0-95 

0-97 

6 

25 

V 

3'65 

10-46 

1 

14-33 

31-12 

42-63 

0-98 

1-05 

0-94 

7 

23 

M 

4-50 

11-00 

12-22 

33-82 

37-58 

0-84 

0-93 

0-91 

8 

28 

v 

4-53 

14-28 

15-76 

40-62 

44-83 

1-08 

1-10 

0-98 

9 

22 

V 

4-37 

13-40 

15-33 

37-79 

43-24 

1-05 

1-06 

0-99 

10 

22 

1 

]\r 

1-02 

11-07 

13-77 

34-77 

43-24 

0-95 

1-06 

0-89 


In the diet column, Y stands for regetarian diet and M for mixed diet. 
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Table 1—conti. 


Serial 

number. 

Age. 

Diet. 

Red cell 
count, 
millions 
jier c.mm. 

Hsemo- 

globin, 

grammes 

per 

100 c.e. 

Hmmo- 

glohin 

coeffi- 

cient. 

Cell 

volume, 
c.c. per 
100 c.c. 

Cell 
volume 
coeffi- 
' cient. 

i 

1 

1 

Colour i 
index, j 

1 

Volume 

index. 

Satura- 

tion 

index. 

11 

20 

V 

4-48 

13-83 

15-44 

1 

! .35-38 

1 

.39-49 

1-06 

0-97 

1 

1-09 

12 

26 

V 

4-24 

11-46 

13-50 

34-31 

40-44 

0-93 

1 

1-00 

0-93 

13 

30 

M 

4-16 

12-18 

14-G4 

1 

3*1 *66 

1 

41-65 

1-01 

1-03 

0-98 

14 

22 

M 

4-02 

12-54 

13-.57 

37-22 

40-28 

0-93 

0-99 

0-04 

16 * 

21 

M 

4-03 

12*50 

1 

15*51 ! 

1 

.34-32 

42-58 

1-07 

1-05 

1-03 

16 

24 


4- 16 

13-39 j 

16-13 j 

.36-26 

43-69 

Ml 

1-08 

1-03 

17 

26 

M j 

4-68 1 

i 1.V07 

1 

13*06 

1 

37-12 

30*67 

1 

0-96 

0-98 

0-98 

18 

1 29 

M 

4-37 i 

13-08 

14-97 

33-80 

38-68 

1-03 

0-95 

1-08 

19 

24 

M 

4-31 

11-78 

13-67 

37-50 

43-.60 ' 

0-94 

1-07 

0-88 

20 

28 

M 

4-37 

12-00 

13-79 

35-85 

39-22 

0-95 

0-07 

0-98 

21 

29 

!it 

4-35 

12-61 

14-49 

3.6-22 

4n-.48 

1-00 

I -00 

1-00 

22 

22 

M 

3-i50 

10-91 

15-59 

30-86 

44-07 

1-07 

1-09 

0-99 

23 

22 

V 

4'24 

12-68 

14-96 

37-62 

44-38 

1-03 

1-09 

0-94 

24 

21 

M 

4-00 

10-97 

13-71 

32-23 

40-28 

0-94 

0-99 

0-94 

25 

24 

M 

4-27 

11-48 

13-44 

35-04 

41-03 

0-93 ! 

1-01 

0-92 

26 

26 

M 

4-20 

11-62 

13-83 

36-07 

42-94 j 

0-95 1 

1 1-06 

0-90 

27 

24 

M 

4-30 

11-57 

14'I1 

1 

34-49 

42-06 

! 0*97 i 

1 i-04 

0-94 

28 

20 

M 

4-94 

14-57 

14-75 

36-58 

37-02 

1-01 i 

0-91 

1 Ml 

29 

25 

V 

4-27 

13-41 

15-70 

35-26 

41*29 

1 

1-08 j 

1-02 

1 1-06 

30 

24 

M 

4-41 

11-43 

12-96 

35-79 

40-oS 

0-89 

1-00 

0-89 

31 

21 

V 

4-65 

13-69 

14-72 

38-20 

41-07 

i 1-01 

1-01 

1-00 

32 

23 

M 

5-21 

32-.33 

11-83 

40-15 

38-53 

0-81 

0-95 

0-86 

33 

IS 

5t 

4-29 

12-32 

14-36 

.35-20 

41-02 

0-09 

1-01 

0-98 

34 

25 

M 

4-41 

13-.50 

15-31 

36-93 

41-87 

1-05 

1-03 

1-02 

33 

22 

V 

4-33 

13-78 

1.7-21 

33-93 

1 37-46 

1-05 

( 

0-92 

1 

1-13 


In the diet column, V stands for vegetarian diet and M for mixed diet. 
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Table 1—conid. 


Serial 

number. 

Age. 

Diet. 

lied cell 
count, 
millions 
per c.mm. 

Htemo- 

globin, 

grammes 

per 

100 c.c. 

H:omo- 

globin 

coeffi- 

cient. 

Cell 

volume, 
c.c. per 
100 c.c. 

Cell 

volume 

coelfi- 

cient. 

Colour 

index. 

Volume 

index. 

Satura- 

tion 

index. 

36 

19 

M 

4-60 

14-85 

16-14 

1 

40-00 

1 

1 43-47 

1-11 

1-07 

1-04 

37 

22 

JI 

4-93 

14-65 

14-86 

41-82 

1 42-41 

1-02 

1-04 

0-98 

38 

24 

M 

4-18 

11-66 

1.3-95 

34-70 

I 41-50 

0-96 

1-02 

0-94 

39 

23 

1\I 

4-60 

14-13 

15-16 

.33-71 

i 36-16 

1-04 

0-89 

1-17 

40 

22 

M 

5'20 

14-77 

U-20 

41-24 

39-66 

0-98 

0-98 

1-00 

41 

23 

M 

4-34 

13-31 

15-37 

32-31 

37-21 

1-06 

0-92 

1-15 

42 

18 

M 

4-75 

14-29 

1.6-04 

39-01 

41-06 

1-03 

1-01 

1-02 

43 

21 

M 

4-93 

15*01 

1.6-22 

40-36 

40-94 

1-05, 

1-01 

1-04 

44 

26 

V 

4‘0o 

13-58 

14-60 

87*22 

40-01 

1-00 

0-99 

1-02 

45 

23 

M 

4-13 

11-43 

13-84 

28-40 

34-38 

0-95 

0-85 

1-12 

46 

19 

M 

5-20 

14-22 

13-67 

40-37 

38-82 

0-94 

0-96 

0-98 

47 

28 

M 

4-49 

13-18 

14-68 

37-02 

41-23 

1-01 

1-02 

0-99 

48 

17 

SI 

4-57 

14-03 

15-35 

33-77 

36-96 

1-06 

0-91 

1-16 

49 

22 

M 

4-55 

13-65 

15-00 

39-32 

43-21 

1-03 

1-OG 

0-97 

50 

20 

M 

4-33 

13-07 

1.6-09 

36-92 

41-49 

1-04 

1-02 

1-02 

51 

26 

M 

4-18 

13-36 

15-98 

31-34 

37-49 

1-10 

0-92 

1-19 

52 

27 

M 

4-56 

13-78 

15-11 

37-74 

41-38 

1-04 

1-02 

1-02 

63 

28 

V 

4-54 

11-79 

12-98 

33-46 

36-84 

0-89 

0-91 

0-98 

54 

20 

SI 

4-92 

13-16 

13-37 

33-93 

34-48 

0-92 

0-85 

1-08 

65 

18 

SI 

4-44 

13-73 

15-46 

39-37 

44-34 

1-06 

1-09 

0-97 

66 

19 

SI 

4-67 

13-63 

14-59 

38-13 

40-83 

1-00 

1-01 

1-00 

67 

19 

V 

4-36 

11-46 

13-14 

29-18 

33-47 

0-90 

0-82 

1-10 

58 

21 

]\T 

4-68 

13-02 

14-21 

38-07 

41-57 

0-98 

1-02 

0-95 

69 

21 

SI 

4-97 

14-46 

14-65 

40-00 

40-24 

1-00 

0-99 

1-01 

60 

19 

SI 

4-67 

12-42 

1 

13-.30 

36-08 

38-63 

0-91 

0-95 

0-90 


In the diet column, V stands for vegetarian diet and JI for mixed diet. 
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Table I — contd. 


Serial 

number. 

Age. 

Diet. 

Red cell 
count, 
millions 
per o.mm. 

Hemo- 

globin, 

grammes 

per 

100 o.c. 

Hemo- 

globin 

coefB- 

cient. 

Cell 

volume, 
c.c. per 
100 c.c. 

Cell 

volume 

coefS- 

cient. 

Colour 

index. 

Volume 

index. 

Satura- 

tion 

index. 

61 

23 

M 

5-35 

14-20 

13-27 

36-32 

33-94 

0-91 

0-84 

1-09 

62 

18 

M 

4-88 

13-72 

14-06 

37-65 

38-59 

0-97 

0-95 

1-02 

63 

18 

M 

4-54 

12-54 

13-81 

35-14 

38-69 

0-95 

0-95 

1-00 

64 

21 

M 

4-37 

12-70 

14-53 

32-46 

37-14 

1-00 

0-91 

1-09 

65 

23 

V 

4-31 

13-17 

15-28 

37-24 

43-20 

1-05 

1-06 

0-99 

66 

20 

M 

3-97 

13-02 

16-40 

31-17 

39-24 

1-13 

0-97 

1-16 

67 

18 

M 

4-60 

13-82 

15-02 

40-49 

44-00 

1-03 

1-08 

0-95 

68 

23 

V 

4-52 

13-45 

14-88 

37-45 

41-43 

1-02 

1-02 

1-00 

69 

25 

V 

4-32 

13-90 

14-42 

38-25 

39-68 

0-99 

0-98 

1-01 

70 

25 

M 

4-23 

13-00 

15-37 

34-75 

41-07 

1-06 

1-01 

1-04 

71 

21 

M 

4-61 

13-45 

14-91 

38-58 

42-77 

1-03 

1-03 

0-97 

72 

22 

M 

4-28 

12-45 

14-54 

34-48 

40-28 

1-00 

0-99 

1-01 

73 

18 

V 

3-96 

11-30 

14-27 

30-20 

38-14 

0-98 

0-94 

1-04 

74 

21 

V 

4-44 

13-30 

14-98 

38-27 

43-09 

1-03 

1-06 

0-97 

75 

24 

M 

4-45 

12-99 

14-60 

37-44 

42-07 

1-00 

1-04 

0-97 

76 

16 

V 

4-08 

12-18 

14-93 

32-73 

40-11 

1-03 

0-99 

1-04 

77 

20 

V 

1 4-32 

13-80 

15-97 

40-38 

46-73 

1-10 

1-15 

0-95 

78 

24 

V 

4-66 

14-49 

15-65 

42-06 

45-12 

1-07 

1-11 

0-96 

79 

28 

V 

4-70 

10-72 

11-40 

33-44 

35-57 

0-78 

0-88 

0-89 

80 

16 

V 

4-48 

14-23 

15-88 

38-33 

42-77 

1-09 

1-05 

1-04 

81 

20 

V 

3-90 

11-97 

15-35 

37-20 

47-68 

1-06 

M7 

0-90 

82 

22 

M 

4-31 

13-24 

15-36 

35-66 

41-36 

1-06 

1-02 

1-04 

83 

18 

M 

4-22 

13-23 

15-68 

36-17 

42-85 

1-08 

1-05 

1-02 

84 

26 

M 

4-70 

13-55 

14-41 

39-36 

41-88 

0-99 

1-03 

0-96 

85 

24 

1 

1 

1 

4-68 

13-46 

14-38 

39-29 

41-09 

0-99 

1-03 

0-96 


Tn the diet colBnm, V stendR for vegetarian diet and M for mixed diet. 
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Table I — concld. 


Serial 

number. 

Ago. 

Diet. 

Red cell 
count, 
millions 
per e.mm. 

I 

1 Haimo- 
globin, 
granuncs 
per 

1 100 c.c. 

Ilaemo- 

plohin 

(-oeUi- 

c-iont. 

Cell 

volume, 
c.p. per 
' 100 e.e. 

Cell 

volume 

coeffi- 

cient. 

Colour 

index. 

Volume 

index. 

Satura- 

tion 

index. 

80 

18 

hi 

.5-11 

10-01 

15-07 

44-07 

43-71 

1-08 

1-08 

1-00 

87 

27 

M 

1-93 

1.3-74 

13-02 

39-90 

40-48 

0-96 

1-00 

0-96 

88 

19 

hr 

4-54 

11-31 

12-46 

37-83 

41-66 

0-86 

1-02 

0-83 

89 

1 

24 1 

hr 

4-57 

13-78 

15-08 

40-42 

44-23 

1-04 

1-09 

0-95 

90 

21 

hr 

4-.53 

12-80 

14-13 

36-.55 

40-33 

0-97 

0-99 

0-98 

91 

2.5 

hi 

1*04 

1 

13-00 

14-07 

35-49 i 

I 38-24 

0-97 

0-94 

1-03 

92 

24 

hi 

1 

4-CG 

13-73 

14-73 

.39-70 

42-60 

1-01 

1*05 

/ 

0-97 

9.3 

23 

hr 

4*77 

14-08 

14-76 

38-02 

40-49 

1-01 

1-00 

1-02 

94 

23 

hr 

4*29 

12-45 

14-51 

.35-71 

41-61 

1-00 

1-02 

0-97 

95 

17 

hi 

4*44 

13-28 

14-95 

37-54 

42-27 

1-03 

1-04 

0-99 

9f3 

, 25 

M 

4*42 

13*25 

14-99 

37-89 

42-80 

1-03 

1-05 

0-98 

97 

22 

hr 

4-17 

13*00 

15-59 

35-09 

42-07 

1-07 

1-04 

1-03 

98 

23 

hi 

4-11 

12-57 

15-29 

31-88 

38-79 

1-05 

0-95 

1-10 

99 

30 

1 

M 

4-56 

13-52 

14-82 

33-95 

37-22 

1-02 

0-92 

1-11 

100 

20 

hi 

4-37 

13-06 

14-94 

36-00 

41-19 

1-03 

1-01 

1-02 

101 

16 

V 

4-58 

13-.55 

14-79 

38-15 

41-65 

1-C2 

1-03 

0-99 

Aveeage 

22-5 

i 

• • 

4-47 

1 

12-99 

[ 

14-55 

36-27 

40-61 

1-00 

1-00 

1-00 


Ill the diet column, V stands for vegetarian diet and M for mixed diet. 


Red cell counts. 

Our average for 101 women is 4,465,000 per cubic millimetre. The values 
range from 3-50 to 5-36 millions. The mean (4-465 ± 0-022) and the median 
(4*495 ± 0*028) are very close. The standard deviation is 0*328 ± 0*016 and 
the coefficient of variation is 7*.340 ± 0*0351. The significant' variation is 
4*14 — 4*79. and 73 per cent of our subjects fall within tltis range. The 
frequency distribution of red cell counts in oilr 101 women subjects is shown 
in Kg. 1. 
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Tlie fiffuic for average normal red cell count for women usually given in 
European and American textbooks is 4-5 millions. Osgood and Haskins (Zoc. cit.) 
obtained an average of 4-80 millions by tbe study of 100 white American women 
(a"es 18 to 30) from western United States and Wintrobe (1930) an average of 4-93 
mUlions based on the study of 50 white American women (ages 17 to 30) from 
southern United States. Haden (1922, 1933) found an average of 4-38 for 30 women 
aud 4’26 for 12 wonaeii from, uuddlc-west U. S. A. Price-Jones (1931) obtaiued an 



Millions per c.mm. 

Fig. I — Red cell counts in 101 uomen. 


average of 5-01 millions for 100 women in England. 'Wintrobe (1933) gives an 
average of 4-85 millions for 369 women subjects from figures available in literature 
from Europe and America. Sachs, Levine and Fabian (1935) found an average of 
4,508.500 for 100 normal white women in central U. S. A. between the ages of 20 
and 30 years. All these averages except those obtained bv Haden are higher than 
the average obtained by us, viz., 4-47 millions. ' ^ 


Haemoglobin content. 

Our Kvevage is 12-99 g. per 100 c.c. of blood corresponding to an oxycren 
capacity of 17-41 c.c. per 100 c.c. of blood. The hmmog4in values ran^e from 
10 46 g. to 16 01 g. The mean (13-993 ± 0-074) and the median (13-190 ± 0-093) 

J, MR 
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arc quite close. The standard deviation is 1*102 db 0*052 and the coefficient of 
variation is 8*472 ± 0*404. The significant variation thus becomes 11*89—14*10, 
and covers 67 per cent of our subjects. Fig. 2 is a histogram giving the frequenc}* 
distribution of htemoglobin in our 101 women subjects. 

Osgood and Haskins (loc. cil.) give an .average of 14*67 g. i)or 100 c.c. of 
blood from reliable hoemoglobin e.stimations reported in literature for three 
different series of subjects, totalling in all 64 women between the ages of 18 and 
30 years. The averages for these different series varied from 12*82 g. to 15*11 g. 
pel* 100 c.c. They also found reports of 143 examinations of women in which the 
age was not stated or in which the methods used for estimation were of doribtful 



Grammes per 100 c.c. 

Fig. 2. — Hemoglobin in 101 n’omen. 


accuracy. These examinations give an average of 12*88 g. Osgood and Haskins 
(loc. cit.) average for 100 women of ages between 18 and 30 years is 13*69 g. per 
100 c.c. Wintrobe (1930) found an average of 13*76 g. on a study of 50 wonieii, 
between the ages of 17 and 30 years. Haden (1933) obtained an average of 13*3/ g- 
per 100 c.c. for 30 women. Sachs, Levine and Fabian (loc. cif.) found an average 
of 12*96 g. for 100 women between the ages of 20 and 30 years, estimating the 
htemoglobin by Wong’s iron method. 

The htemoglobin figures given in the previous paragraph were determined 
by different workers by colorimetric methods, while Haden (1922) and Price- Jones 
(1931) have reported determinations made by oxygen capacity methods. Haden 

using tlie van Slyke method obtained an tiverage of 12*93 g. 
htemoglobin per 100 c.c. of blood for a series of 12 normal white American women 
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between tbe ages of 20 and 40 j^ears from Kansas City. Price-Jones made liis 
determinations by the Haldane blood gas apparatus and obtained an average value 

of 13-5 g. hsemoglobin per 100 c.c. of blood for a series of 100 healthy 

London women of the average age of 24 years. Price-Jones also examined a series 
of 100 men in London by the same method, but finding his average of 14’5 g. for 
men to be lower than the hsemoglobin averages of 15‘5g. and 15-4 g. obtained by 
Haden and Dill in America, he went to Boston and there compared his Haldane 
blood gas method with the van Slyke method. He found little or no difierence 
between the two methods. He therefore attributed the higher Arnerican figures 
to a possible polyoythasnaia resulting from a slow carbon nionoxide poisoning caused 
by the extensive motoring habit of the Americans. It is natural to assume that 
the American women would be subject to the same conditions as the men in that 
cormtry and would tend to have a higher haemoglobin figure than women in London 
for the same reason. Thus, the average haemoglobin figure for American white 
women would be markedly higher than Price-Jones’ average of 13'5 g. for London 
women. But it is not so.’ Haden’s average for American women is actually lower 
(12-93 g.). We do not think Price-Jones’ explanation holds good. Even the 
figures for American women based on colorimetric methods which, as was pointed 
out in our previous paper, usually give a somewhat higher figure than the van 
Slyke oxygen capacity method, are not definitely higher than Price- JoJies’ average 
for London women. 

It is to be noted that out series of 101 women were examined by the van Slyke _ 
oxygen capacity method, and the average of 12’99 g. haemoglobin per 100 c.c. of 
blood compares closely with Haden’s average of 12'93 g, obtained by the same 
method. Though the number of subjects examined by Haden is small, the similarity 
of results is significant because of the similar correspondence in the haemoglobin 
averages of a much larger series of men examined by tbe van Slyke method by us 
and other workers (Sokhey ef at, 15-37 g., Haden, 15-34 g., and Dill, 15-38 g.). 
Onty further work can show whether the observed correspondence is a mere coin- 
cidence or whether there is some further explanation. 


Haemoglobin coefficient and colour index. 


For assessing the value of the haemoglobin content of a given individual 
comparison with a normal hfemoglobin standard is necessary. The normal standard 
is taken to be the average number of grammes of haemoglobin per hundred cubic 
centimetres of blood calculated to a count of 5 millions red cells per cubic millimetre 
in the average healthy person of the same age and sex group. Osgood (1926) 
suggests the term ‘ haemoglobin coefficient ’ to replace the cumbersome e.xpression 
‘ the number of grammes of haemoglobin per hundred cubic centimetres of blood 
calculated to a red cell count of 5 millions per cubic millimetre ’. 


c haeinoglobm content in grammes per hundred cubic centimetres 

of blood ot the individual is converted into a percentage of the normal haemoglobin 
coefficient of the same age and sex group. Also the red cell count of the individual 
IS converted into a percentage of a count of 5 millions taken as 100 per cent The 

pmSL^gt o/L^d ?ell^ percentage of haemoglobin by the 
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The figure of 5 millions as 100 per cent of red cells in colour and other index 
determinations is used for convenience in calculation and as Osgood (1926-27) 
says ‘ any other figure would do, if it were generally agreed upon Five millions 
is the generally accepted figure, but it must be clearly understood that it is not 
the average red cell count for cither normal men or women. 

Our average heemoglobin coefficient for the 101 women is 14‘55 g. The figures 
range from 11'40 g. to 16'40 g. The mean is ]4‘553 ± 0'065 and the median 
14'710 ± 0’081. Standard deviation is 0‘964 ± 0’046 and the coefficient of 
variation is R'622 ± 0'319. The significant variation therefore is 13'59 15'52, 

and 71 per cent of our subjects fall within this range. The frequency distribution 
of our hmmoglobin coefficients is shown in Fig. 3. 
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Fig. 3. — Hicmoglobin coefficients in 101 women. 
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Our average colour index is TOO, the figures ranging between 0-78 and Tl 3. 
Frequency distribution of our colour indices is shown in Fig. 4. The mean 
(1-003 ± 0-004) and the median (1-016 ± 0-005) are close. Standard de-i^iatJon 
is 0-0653 ± 0-003 and the coefficient of variation is 6-489 ± 0-349. The signmcai) ■ 
variation therefore is 0-94 — 1-07, and 71 per cent of our subjects are within t ns 
range. 

Osgood and Haskins {loc. cit.) find the hsemoglobin coefficient to be 14-29 g-f^^ 
their series of 100 women, and "Wintrobe (1930) obtained a figure of 13-97 g. 

50 women. introbe (1933) collected data for 369 women from the literature, 



S. S. Sol-Imj, S. K. Golchalc, M. A. Malandlm & H. S. Billimoria. 733 


tMs series the average haamoglobin coefficient is_ 14-33 g. Haden (1933) obtained 
for a series of 30 women a hsemoglobin coefficient of 15-26 g. The bsemoglobin 


coefficient for our subjects is 14-55 g. 

The situation regarding tiie hemoglobin coefficient in the case of women is 
precisely the same as was noted in the case of men. It does not seem that we are 
am'where near having a common figure for normal haimoglobin coefficient. It is 
not clear whether such a thing is possible. But the situation makes it imperative 
that further accurate studies should be made in as many different places as possible. 



Pig. 4. — Colour indices in 101 women. 


In the meantime we commend Haden’s (1933) suggestion that for each area the 
mean values for haimoglobin and the red cell count should be determined and these 
used for reporting to clinicians in that area the haimoglobin percentage and the 
colour and saturation indices. 


Total cell volume. 


Our average figure for the total cell volume is 36-27 c.c. per 100 c.c. of blood : 
its frequency distribution is shown in Fig. 5. The values obtained ran^e from 
28-40 c.c. to 14-67 c.c. The mean (36-269 i 0-205) and the median (36-450 ± 
0-256) are close. Tlie standard deviation is 3-048 ± 0-145 and the coefficient of 
variation is 8-391 ± 0-399. The significant variation is 33-22 ~ 39-32 and 
covers 70 per cent of our subjects. ’ 


_ It sliould be noted that our determinations were done on samples of blood to 
which nptral potassium oxalate (2 mg. per c.c. of blood) was added to prevent 

Sneriment.' ^ for shrinkage the figures obtained by actual 
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Osgood and Haskins (loc. cit.) obtained an average value of 41-04: c.c. per 100 c.c. 
of blood for their series of 1 00 women. This figure is also uncorrected for shrinkage. 
Wintrobe (1930) found for 50 women an average value of 38-04 c.c. per 100 c.c. 
of blood*. For data which he collected from literature for 369 women, Wintrobe 
(1933) gives an average cell volume of 38-35 c.c. (i.e., the actual figure given is 
41-8 c.c., but this is obtained after correction for shrinlcage of 8-20 per cent). It will 
be seen that our average cell volume figure of 36-27 c.c. is the lowest of all ; however 
it must also be remembered that our average red cell count is also the lowest. 


as 

6 





C.C. per 100 c.c. 


Fig. 5. — Cell volume in 101 women. 

Attention is drawn to the difi'erent values for shrinkage given by different 
workers. We refer the reader to the experiments reported by us in our previous 
paper on normal standards for healthy young Indian men. We obtained a value 
for shrinkage of 5-75 per cent as compared to Osgood’s (1926) 3-5 per cent, and 
AVintrobe and Miller’s {loc. cit.) 3-7 per cent. Later, AVintrobe gave a value o 
5-7o per cent in 1931 and a value of 8-2 per cent in 1932. 

* The figures actually given by Wintrobe (1930) are those corrected by an addition of 3-7 per cent 
to the cell volumes determined in each case to allow for shrinkage resulting from the addition of o..a 
to blood (10 mg. to 6 c.c. blood). We have reconverted the average figure of 39'5 c.c. of this 
3S’04 c.c. to render possible a comparison betueen his figures and ours, which are not correc c ^ 
shrinkage. Later, Wintrobe (1932) has changed his correction for shrinkage from 3'7 per cent g "j 
per cent, and consequently (1933) gave 41'5 c.c. as his mean average for women instead of the ongi 
39-5 c.c. 
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If the sbrinlcage is constant and the volume index calculation is based on 
standards determined by the potassium oxalate method, the indices will be 
absolutely correct, "l^lien absolute figures for cell volume are needed, they could 
be obtained b}' the use of a factor calculated from the measurement of the extent 
of shrinkage caused by the use of potassium oxalate. 

Volume coefficient and volume index. 

In our previous paper we pointed out the value of volume index determination. 
This index is easily determined and is a good indication of the average size of the 
individual red cells. 

Just as the colour index expresses the ratio of the amount of haemoglobin per 
red cell of the individual to that of the average normal, similarly the volume index 
expresses the ratio of the volume of the red cell of the individual to that of the 
average normal. It is determined in the same way as the colour index with the 
difference that cell volume percentage is substituted for haemoglobin percentage, 
i.e., the volume of the cells expressed as percentage of the average normal cell volume 
is divided by the percentage of red cells. The average volume of cells in 100 c.c. 
of blood of healthy persons of the same sex and age group calculated to red cell 
count of 5 millions is the normal standard, i.e., normal volume coeflrcient, and is 
taken as 100 for the calculation of the percentage of red cell volume, jor the 
determination of percentage of red cells the figure of 5 millions is taken as 100 per 
cent for reasons already given. 



c.c. per 100 c.c. 

Fio. 6. — Cell volume coefficients in 101 women. 


mo ^0] women being 36-27 c.c. per 

100 c.c. of blood and our average red cell count for the same subjects being 4-465 
mllions per c.nm., om average volume coefBcient works out to be 40-61 c.c The 
frequency distribution of the volume coefficients is shown in Fig. 6. The values 
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range from 33-47 to 47-68, the mean and the median being 40-615 ± 0-179 
and 41-114 ± 0-224, respectively. The standard deviation is 2-667 ±0-127 and 
the coefficient of variation is 6-552 ± 0-313. The significant variation thus is 
37-95 — 43 '29, and covers 71 per cent of our subjects. 

Osgood and Hashins (/oc. cii.) obtained a volume coefficient of 42-8 and 
Wintrobe (1930) 38-58-''. The data for 369 women (European and white American) 
collected from literature by AVintrobe (1933) yields a cell volume coefficient 
of 39-54± 

Osgood and Haskins ((oc. cit.) get a higher average volume coefficient (42-8 c.c.) 
for women than the average volume coeflicient (40-8 c.c.) for men obtained by one 
of them (Osgood, 1926). They found the difference to be significant. They say 
‘ this result was rinexpected, and we have been unable to find any reason why 

young women should have larger cells tlian young men This 

apparent difference should be confirmed by workers on a large series of subjects’. 
AMntrobe and Miller [loc. cit.) and AVintrobe (1930) give a figure of 40-0 c.c. for men 
and 40-3 c.c. for Avomen. But these values are not strictl}’ comjjarable because of 
the different proportions of potassium oxalate used in the two series of determina- 
tions. Our results (40-83 c.c. for men and 40-61 c.c. for women) do not confirm the 
finding of Osgood. Our figures for the average volume coefficients for men and 
women are almost the same. This would tend to show that the cells of men and 
women are similar in size. Our observation confirms Price- Jones’ (1933) finding. 



Oitr average volume index is 1 -00, the values ranging from 0-82 to I‘l7. The 
frequency distribution of our volume indices is shown in Fig. 7. The mean and 
the median are 1-002 ± 0-004 and 1-014 ± 0-006, respectively. The standard 
deviation is 0-065 ± 0-003 and the coefficient of variation is 6-443 ± 0-306. The 
significant variation is thus 0-94 — 1-07, and covers 75 per cent of our siibjects 


* Ttis figure is c.-ilculutcd by nllowing for shrinkage (see footnote on page 734). 
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Saturation index. 

Saturation index expresses the ratio between the concentration of haemoglobin 
per rmit volume of cells in a particular subject and the average concentration of 
haemoglobin per unit volume of cells in normal subjects of the same age and sex 
groups. It is determined by dividing the colour index by the volume index. This 
index is a better indication than the colour index of an increase or decrease of 
haemoglobin in blood cells in disease. 

Our average saturation index is I'OO, the values ranging between 0‘8.3 and 
1‘19. The frequencv distribution of our saturation indices is indicated in Fig. 8. 
The mean is 1 -001 ±0-005 and the median is 0-999 ± 0-006. The standard de-vdation 
is 0-0683 ±0-003 and the coefficient of variation 6-774 ± 0-322. The significant 
variation thus becomes 0-93 — 1-07. and 72 per cent of our subjects fail within this 
range. 



Method of calculating results. 

AYe give here an illustration of how the indices are calculated : 

Case 59 of our series gave the following results on examination of the blood : 

Red cell count . .' . . . . 4-97 millions per c.mm. 

Haemoglobin . . . . - . . 14-46 grammes per 100 c.c. 

Cell volume . . . . . . 40 -OO c.c. per 100 c.c. 

For converting these figures into percentages for the purpose of calculation 
of the indices, a red cell count of 0 millions and the ‘ coefficients ’ are taken as 100 
as has already been explained on pao^e 731. 

The average hemoglobin content of 12-99 g. per 100 c.c. for our series of normal 
Indian women (average red cell count of 4-465 millions per c.mm.) calculated to 
a red cell count of 5 millions, gives 14-55 g. as the average ‘ hemoglobin coefficLnt ’ 


for our series = 14-55j. 
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Similarly, the average cell volume of 36‘27 c.c. per 100 c.c. for our series, 
calculated to a red cell count of 5 millions, gives 40‘01 c.c. as the average volume 

coefficient for our series ** = 40-6l|, 

Thus : the red cell count of 4-97 millions becomes 99-4 per cent j. ' 

The haemoglobin content of ]4‘46 g. becomes 99-4 per cent 


The cell volume of 40*00 c.c. becomes 98*5 per cent 
Colour index Percentage of lueinogiobin 90-4 


/ 40-00 X 1 00 
i 40-61 


Percentage of red cells 


99-4 


1 * 00 . 


Volume index - ^ 0*99 

\ omme maej. — percentage of red ceUs — 99-4 ^ ^^* 

Cl , *1 Percentage of hjemoglobin Colour index 

Saturation index = pontage o f c eir v ol ilE^ = VoW iKdex = 


99-4 
'■ 9S-5 ' 


1 * 01 . 


Summary. 

1. Standards for the normal averages have been worked out by the study of 
bloods of 101 healthy jmung women, from the Bombay Presidency between the 
ages of 16 and 30 years. The findings are given in the table -below : — 


Averages and range of variations in normal findings of 101 zvomen. 



[ Mean. 

Minimum. 

Maximum. 

Standard 

deviation. 

Percentage of 
subjects Tvitliin 
significant 
variation. 

i 

Red cells, million per 

I 

I 

1 

4-47 

3-50 

5-35 

± 0-330 

73 

c.mm. 






Htemoglobin, grammes 

12-99 

10-46 

16-01 

± 1*10 

67 

per 100 c.c. 






Cell volume, c.c. per 

36-27 

2S-40 

44-07 

± 3-050 

70 

100 C.C.* 





Hffimoglobin coefiBoient, 

14-55 

11-40 

16-40 

± 0-960 

71 

grammes per 100 c.c. 






Volume coefficient, c.c. 

40-61 

33-47 

47-68 

± 2-670 

71 

per 100 c.c. 





Colour index 

1-00 ! 

0-78 

M3 

± 0-065 

71 

Volume index . . | 

1-00 1 

0-S2 

1-17 

I 

± 0-065 

75 

Saturation index 

1-00 i 

1 

0-83 

C5 

± 0-008 

72 


* The cell volume given in the table is the average of the actual volumes determined in oxnlst*’*^ 
blood without any correction being made for shrinkage due to the oxalate used. 
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2. Our average lisemogloliin value is based on determinations made with the 
van Slyhe oxj'gen capacity method ; and just as in the case of our average value 
for men it tallies with the only other figure for women determined by the same 
method. The significance of this observation is discussed and further work is 
suggested. 

3. Oin cell volume coefficient for women is very close to the value we obtained 
for men (40'83 c.c.) and shoAvs that average size of the red cell in men and women 
is the sam6. 


Our thanks are due to Dr. Jivraj Mehta, the Dean of the S. G. S. Medical 
College and K. E. M. Hospital, to Sir Mangaldas Mehta, Principal Medical Officer, 
Howrosjee Wadia Maternity Hospital, and to Dr. J. Jhirad, Chief Medical Officer, 
Cama and Albless Hospitals, for giving us facilities for obtaining samples of blood, 
and to the students and nurses who volunteered. 
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HiEMATOLOGrTCAL INVESTIGATIONS IN SOUTH INDIA. 


Part I. 


the estimation of HiEMOGLOBIN. 
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The present paper describes an investigation of tire haemoglobin content of 
the blood in healthy groups of young men and women in South India, which was 
undertaken for the purpose of establishing suitable standards of comparison. 
Investigations on haemoglobin content have been carried out in Bombay by 
Sokhey (1929) and in Calcutta bj^ Napier and Das Gupta {1935a and b) but hitherto 
no work on average levels has been done in South India. In undertaking 
work on the hsemoglobin content of blood, it is first of all necessary to consider 
the question of methods and the principles underlying them. This paper, 
the first of a series, is largely concerned with this problem, which is of great 
importance. 


The statement of ‘ normal ’ haemoglobin values. 

It has been the custom to state the amount of hemoglobin in the blood 
as such and such a percentage. The exact significance of the percentage 
recorded usually remains obscure in the absence of information as to the exact 
value of 100 per cent, which varies widely according to the method adopted. 
The following table (Kilduffe, 1931) gives haemoglobin values which are taken 

( ni ) 
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to be equivalent to 100 per cent in various commonly used methods of 
determination : — 


Method. 


Daro . . before 1916 : 13*17 ; since 1916 

Haldane 

Tallqvist 

Oliver . . 

Von Fleischer Mcischer 

Newcomer 

Sahli . . 


Grammes of 
hiemoglobin per 
100 c.c. of blood 
equivalent to 
‘ 100 per cent 


16*90 

13*80 

13*80 

l .')*00 

15*80 

16*92 

17*20 


A variation of 13*17 to 17 


■20 crrammes. 


To avoid confusion, it is simpler to state the amount of hsemoglobin in blood 
in grammes per 100 c.c. This method of statement has been warmly advocated 
by several workers (Kilduffe, loc. cit. ; Osgood and Hasldns, 1931 ; Todd and Sanford, 
1927 ; Lindsa)'’, Eice and Selinger, 1925-26 ; Napier and Das Gnpta, 1936fl and b). 


Principles and methods of haemoglobin determination. 

(1) The iron content of the blood. — Wong (1928) has described a method of 
calculating the amount of haemoglobin from tlie amount of iron contained m the 
blood. He finds a definite proportion between iron and haemoglobin. Sob el and 
Drelcter (1933), using Wong’s technique slightly modified, conclude that tliere is no 
constant relation between haemoglobin and iron concentrations in blood. There 
is also evidence that iron is present in blood outside the red blood cells. 

(2) The spectrophotometric method. — The absorption band of crystalline 
haemoglobin or oxyhaemoglobin can be studied. AATlliamson (1916) investigated 
the haemoglobin values of 919 normal individuals in Chicago by a spectrophotometric 
technique. He prepared crystalline human haemoglobin, and this preparatioii 
was used for a standard in his extensive determinations. It is not, liowever, ye 
certain that human haemoglobin can be obtained absolutely free from impurities. 
Fiu’ther, there is evidence that the globin part of the Hb molecule shows different 
absorption bands in infants and in adults. 

(3) The oxygen-capacity method. — The most important property of haemoglobin 
is its ability to transport oxygen from the lungs to the tissues, and a method based 
on this property is rationally to be preferred to other methods less closely related 
to physiological function. One molecule of oxw'-gen is liberated from one molecule 
of oxyhsBmoglobin, the following formulae for the reaction having been pu 
forward — 


Hb<^ + 4 Nas (Fecyc) -f 4 NaHCOs 0-. + Hb 

^ -f 4 Na4 (Fecyc) + 4 CO2 + 2 HoO (Haldane). ^ 

^ Hb— OH -4- Fecyc K3H -f O2 (Eeinbold). 

^ HbO + 2 K4 Fecyc + Oo (Niclonx and 


Hb02 -r Fecyc K3 
Hb02 + 2 K3 Fecyc 
Pioche). 


H2O 

KoO 
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Method used in the pkesent investigation. 

Tke vail Slyke-Neill technique was employed to determine the oxygen capacity 
of blood samples ■which were used as the standard of comparison. The method 
described by van Slyke and Neill (1924) was exactly followed. Having ascertained in 
this manner the oxygen capacit}' of a sample of blood, from which the hiemoglobiu 
content can be calculated by applying Htifner s factor, we have in Wu s 
(1923) colorimetric method, as modified by Bing and Baker (1931), an accurate and 
simple technique for estimating Hb in terms of the standard. _ The results reported 
in this paper were all obtained by using Bing and Baker s technique slightly 
modified. The advantages of this method, as compared with others in common 
use, will be discussed later. 


Bing and Baker’s modification of 'Wu’s colorimetric method. 

The method is based on the pseudoperoxidase reaction which is due entirely 
to hremoglobin. The reagents necessary are as follows : — 

(a) Benzidine.— -The purification of benzidine for the test has been discussed 
by Bing (1932). In our work we proceeded as follows : — 

About 20 granmiea of benzidine are dissolved in 200 c.c. of ethyl alcohol b 5 ’' heating and the 
solution filtered. .4bout 1 g. of Norite charcoal is added to the filtrate, which is stirred and 
maintained at a temperature of 50'C. + 15°C. over an cleetric heater for 15 to 20 minutes. 
The -warm solution is filtered and the charcoal washed with about 10 c.c. of alcohol. In our 
experience the addition of charcoal and the heating, filtering, and washing with alcohol often 
had to he repeated 10 to 12 times in order to obtain a practically colourlcsa filtrate. To the 
filtrate distilled water is added to l)ring the alcohol solution approximately to 50 per cent by 
volume. The solution is iiou kept in cold storage for a day to allow the benzidine to crystal- 
lize. The moist benzidine cri’stals in alcohol are then filtered under suction in a Buchner 
funnel, washed with cold 50 per cent alcohol until thoroughly diy, and then stored in a brown 
bottle away from light. 


This elaborate purification has been advocated by Bing and Baker because 
blank experiments with unpurified benzidine give a distinct colour -altbough no 
blood is present. McFarlane and Hamilton (1932), however, point out that there 
is no necessity for such an elaborate purification of benzidine, and maintain that 
Hb estimations of equal accuracy can be obtained by using Merck’s ‘ Benzidine 
Suitable for Detecting Blood ’ without any purification treatment. There may 
perhaps be no great disadvantage in using a blank solution giving a certain amount 
of colour since, for determinations in blood, fixed amounts of the reagents are used 
for both standard and unknown. In our opinion Merck’s ‘ Benzidine Suitable for 
Detecting Blood ’ may legitimately be used. 

The stock solution of benzidine is then prepared by dissolving 1 -0 g. of tJie 
purified benzidine crystals in 20 c.c. of glacial acetic acid. Thii'ty c.c. of distilled 
Avater and 50 c.c. of absolute alcohol are then added, and the solution well mixed 
and stored in a brown .stoppered bottle away ftom light. The 1 per cent benzidine 
reagent referred to in our htemoglobin investigations was prepared in this 
manner. ^ 

(6) Twenty jwr cent acetic acid . — Glacial acetic acid diluted 1 in 6 rvith distilled 


a 


(c) Hydrogen 2 )eroxide . — One 
2 per cent solution of hydrogen 


volume of ‘ Merckozone ’ is diluted 4 times to give 
pel oxide. This was found in our investigations 
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to give a good and stable colour with the benzidine-blood mixture. Bing 
and Baker {he. cit.) originally suggested a 0-60 per cent of solution of H 2 O 2 . 
McFarlane and Hamilton {loc. cit.) have sho^Yn that 1'5 to 2'0 per cent HoOo is the 
optimum .strength for producing stable and lasting colour. 

[d) The ])re])amtion of a standard blood solution. — A sample of blood is investi- 
gated for its oxygen capacity by the van Slykc-Ncill apparatus and its Hb content 
calculated. This being Icnown, a suitable standard, convenient for comparison 
with the blood samples under investigation, can be prepared. The following was 
used in our investigations. Twenty c.mm. of blood {measured 4 times from a 5 
c.mm. Gower’s heemoglobinometcr pipette) are laked in 40 c.c. of a 1 per cent 
solution of boric acid. The walls of the pipette are thoroughly washed by repeated 
sucking in and blowing out. 

Technique of test. — The finger tip is pricked with a sharp pin and blood sucked 
into a dry 5 c.mm. Gower’s pipette past the 5 c.mm. mark. The column of 
blood is lowered exactly to the mark and the tip of the pipette wiped clear of blood 
with a small piece of blotting paper. The blood is now blown into 1 0 c.c. of distilled 
water in a test-tube. Blood sticking to the walls of the pipette is washed into the 
water by the repeated sucking in and blowing out of water. The test-tube is 
shaken to lake the blood uniformly, and after a few minuted, when the laked blood 
is homogeneously mixed, 0'5 c.c. of the blood solution (measured in a clean 1 c.c. 
graduated pipette) is added to TO c.c. of the 1 per cent benzidine reagent standing 
in a clean test-tube of about 15 c.c. to 20 c.c. capacity. Then exactly 0'5 c.c. ot 
2 per cent H 2 O 2 is added. These quantities are half those used by Bing and 
Baker. 

To another test-tube containing TO c.c. of benzidine reagent and marked 
‘ standard ’, O'o c.c. of stock standard blood solution is added, and the subsequent 
procedures take place in the same way. 

The tubes are shaken and placed in a rack to develop colour. The colour 
immediately becomes green, then changes to blue, and finally to dark purple. The 
deepest colour is obtained in from 1 to H hours after which it remains constant 
for at least 12 hours (McFarlane and Hamfiton, loo. cit.). An hour to 1-| horns after 
the addition of H 2 O 2 , 10 c.c. of 20 per cent acetic acid are added to each of the 
test-tubes. These are shaken to ensure thorough mixing and about 10 minutes 
later colour comparisons of the standard and the test solutions are made m a 
colorimeter (we used a Klett-Bio colorimeter), the standard being set at 10. 

Besults are calculated as follows ; — 

X S = grammes Hb per cent, S being the number of grammes ofHb in 
the standard solution and R the colorimeter reading for the test solution. 


The investigation op HHiMOGLOBIN LEVELS IN SOUTH INDIANS. 

A group of 125 students and young doctors in Madras (males) and a group of 
62 women students li\’ing in a residential college in the same city were investigate ■ 
The ages of the male subjects lay between 18 and 25 (a few were above 25), f 
that of the female subjects lay between 17 and 22. All were apparently in S®®, 
health, and there was no reason to suppose that any of them was suffering, or hat 
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recently suffered, from malaria or helminthic infections. A blood film was 
taken in each case and differential counts made with a view to excluding the 
latter. The results of the differential counts will be reported in a later 
communication. 

The investigations were carried out by the technique described in the previous 
sections, the Hb value of the test samples being determined by comparison with a 
standard blood solution of known oxygen capacity, using Bing and Baker’s 
method. 

The results of these investigations are given in Tables I and II, the frequency 
cm’ves of the hsemoglobin values being shown in the Graph : — 


Table I. 

Hcemoglobin values of 125 healthy young men (Madras). 


Serial number. 

Hb, g. per 100 c.c. 
blood. 

Seri.al number. 

d 

o 

o 

Ui 

o 

& 

eu’S 

Serial number. 

HI), g. pec 100 c.c. 
blood. 

Serial number. 

Hb, g. per 100 c.c. 
blood. 

Serial number. 

1 

14-20 

26 

18-46 

51 

16-72 

76 

12-65 

101 

2 

16-45 

27 

19-96 

52 

17-30 

77 

14-90 

102 

3 

16-30 

28 

18-00 

53 

16-86 

78 

16-20 

103 

4 

15-25 

29 

18-90 

54 

17-48 

79 

17-60 

104 

5 

14-25 

30 

17-30 

55 

17-48 

80 

13-12 

105 

6 

17-85 

31 

14-10 

56 

16-48 

81 

13-33 

106 

7 

17-70 

32 

13-20 

0( 

17-30 

82 

16-72 

107 

8 

14-60 

33 

14-10 

58 

17-60 

83 

15-56 

108 

9 

17-.50 

34 

12-24 

59 

20-28 

84 

12-90 

109 

10 

17-20 

35 

19-30 

60 

19-70 

85 

14-46 

no 

11 

17-85 

36 

17-75 

61 

20-01 

86 

16-48 

111 

12 

14-05 

37 

17-46 

62 

19-70 

87 

16-32 

112 

13 

19-40 

38 

16-60 

63 

20-28 

88 

17-90 

113 

14 

16-82 

39 

16-86 

64 

18-40 - 

89 

16-32 

114 

15 

17-25 

40 

16-86 

65 

19-10 

90 

16-32 

115 

16 

14-10 

41 

16-86 

66 

17-75 

91 

17-48 

116 

17 

14-10 

42 

18-10 

67 

16-82 

92 

16-25 

117 

18 

14-85 

43 

17-72 

68 

19-48 

93 

16-48 

118 

iy 

16-10 

44 

18-40 

69 

18-90 

94 

18-75 

119 

20 

14-97 

45 

17-90 

70 

18-25 

95 

13-32 

120 

21 

16-70 

46 

18-40 

71 

18-25 

96 

14-05 

121 

22 

19’55 

47 

20-28 

72 

1.5-46 

97 

16-20 

122 

23 

19-96 

48 

17-60 

73 

16-86 

98 

20-28 

123 

24 

18-36 

49 

18-92 

74 

17-48 

99 

14-12 

19d 

25 

19-95 

.50 

16-20 

75 

14-54 

i 

100 

-13-12 

125 


(i) Mean hajmoglobin value = 16"57 grammes per 100 c.c. 

(ii) Standard deviation = 2’08. 

(iii) Coefficient of variation = 12-50 per cent. 


d 

d 

o 

o 





12- 25 

13- 62 

13-62 

12- 38 

17- .60 

18- 25 
17-15 
17-73 
16-32 

13- 42 

14- 63 

15- 92 

14- 33 

16- 88 
16-56 

15- 12 

16- 25 

14-53 
12-46 

14- 80 

19- 65 

15- 25 
14-45 

16- 72 

20 - 00 


J, MR 


12 
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Table II. 


Hmnoglobin rahies of 62 Jiealthj yowg v'omcn {]\ladras). 


Serial 

number. 

Hb, g. per | 
100 c.e. 
blond. 

1 

Serial 1 

number. 

1 1 

1 

Hb, s. per 
' 100 c.e. , 

1 blood. ’ 

j 

Serial 

.number. 

1 

j Hb, g. per 
j 100 c.c. 
j blood. 

Serial 

number. 

Hb, g. per 
100 ox. 
blood. 

1 

14-08 

! 

I 

1 

12*92 

33 

] 

1 

j 13-10 

49 

15-16 

2 

15-08 

1 

18 1 

, 14-42 

j 34 

1 15-08 

1 

50 

13-98 

3 

13-04 

19 ' 

12-60 

35 

^ 13-16 

' 51 

13-16 

4 

i 

18*10 

20 

12-88 

1 

36 

1 18*16 

i 

52 

16-26 

0 

13-52 ! 

21 

12-56 

37 

12-56 

53 

15-16 

6 

1 

14-02 

22 

13-22 

38 

12-72 

54 

14-60 

i 

7 

I 

14-22 

23 , 

13-22 

39 

12-88 

55 

14-70 

1 

8 

13-76 

1 

24 1 

1 

18*46 

40 

15-08 

56 

13-60 

9 

1 

1 

13-82 i 

25 i 

13-22 

41 

1 14'22 

1 

57 

16-12 

1 

10 

13-64 

i 

96 

14-08 

42 

13-64 

j 58 

13-88 

11 

j 12-72 

1 27 

14-42 

1 

43 

1 

13-22 

.59 

12-ri8 

i 

12 

. 12-04 

1 

1 

t 28 

13-82 

1 

1 

44 j 

13-40 

60 

' 12*50 

1 

13 

! 

11-82 

i 

i 20 

13-16 

! 

45 

11-16 

1 

61 

14-60' 

14 

' 12-72 

30 

14*22 

46 

13-82 

62 

14-00 

1.-. 

’ ^8'2S 

! 

31 ' 

13-46 

1 

47 

14-.n6 


•• 

16 

j 13-40 

. 82 

1 

13-82 

48 

12-94 


•• 


(»> Jleon hremoglobin value = 13'73 grammes per 100 c.c. 
(ii) Standard deviation = 0'93, 

•iii) Coefficient of variation 6-70 per cent. 
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(2) Haldane’s method, in which CO gas is passed into laked blood to convert 

the Hb into CO-Hb, and the colour developed is compared vdth a 
standai'd solution in a sealed tube. The standard solution is said 
to remain unchanged indefinitely. 

(3) Methods in which acid hacmatin is used as standard, e.g., Sahli’s, Hellige’s, 

etc. The unknown blood samples are converted into acid haematin 
by the addition of HCl and matched against the standard hsematiii 
solution contained in a sealed tulm. 

(4) Coloured glass or coloured jjlates are used as standards, comparisons 

being made with the naked eye. Examples : Dare’s and Haden’s 
methods. 

(5) The unknowns are compared with coloured glass or coloured plates in 

a colorimeter. Examples: Cohen and Smith’s (1919) method ; New- 
comer’s method. 


The ‘ Tallqvist ’ method is generally recognized to be inaccurate, although 
widely used. /Ct best it gives only an approximation to the true Hb figure. 
Lindsay et al. {loc. cit.) remark that it is rare to find a Dare haemoglobinometer 
gh’ing suflficiently accm’ate results unless re-standardized from time to. tune, a 
procedure not often followed in clinical practice. In the Sahli and Helliges 
methods, an acid haematin standard is used. Haden (1930-31) says that in time 
the acid haematin suspension settles and the colour fades. 


In Newcomer’s (1923) method the standard is a ‘ high transmission 7®^°^ 
signal glass ’ which is compared with the test sample, diluted with 1 per cent HGl, 
in a colorimeter. In spite of the additional accuracy obtained by the use of a 
colorimeter, it appears that the method is open to criticism. According to Osgood 
and Haskins {he. cit.), Newcomer’s method may give an error as high as 13 per 
cent. Senty (1923) comes to the conclusion that in 40 per cent of Hb estimations 
carried out by Newcomer’s method there is a 10 per cent error. 


Cohen and Smith’s method, in which acid hmmatin is used as a standard, 
represents an improvement over Sahli’s method in that a colorimeter is used. They 
claim that a suitably prepared acid haematin standard remains unchanged for at 
least three months. 


Sources of error in current methods of Hb determination include : — 

(fl.) Inexact calibration of the pipettes. 

(&) Deterioration of the permanent standard. 

(c) Differences in the character, depth and thickness of glass tubes used to 
contain standard and test solution (Sahli). 

{d) The matching of colours by the naked eye. 

In Dare’s haemoglobinometer blood is run into a groove between two glass 
plates. Very slight variations in the depth of the small column of blood may give 
rise to errors of considerable magnitude. 

A general criticism of all current methods of Hb estimation has been made b) 
Osgood and Haskins, w ho maintain that ‘ most haemoglobin figures in the literature 
are valueless, either because a grossly inaccurate method has been used or because 
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the method or the figure for the number of grammes of tomoglobin corresponding 
to 100 per cent or the particular instrument is not given 

Jlethods which are of use as a rough guide in clinical medicine are unsuitable 
for scientific investigation. 


The advantages of the method employed in the pbesent 

INVESTIGATION. 

(1) The small quantity of blood (.7 mm.) requhed can be very accurately 
measured in a suitable pipette (Gower’s). 

(2) The colour developed witli the benzidine reagent is deep compared with 
that of diluted blood. Deeply coloured solutions are more easy to match than 
lightly coloured ones. 

(3) The colour comparisons are made in a colorimeter. 

(4) A larger number of estimations can be carried out within a day by this 
method than by any other. 

(5) The reagents necessary are easily obtainable. (Merck’s ‘ Benzidine 
Suitable for Detecting Blood ’ can be used instead of benzidine prepared in the 
laboratory.) The chemical manipulations are all of a very simple nature. 

(6) The stock standard blood solution, the oxygen capacity of which has been 
determined, will remain without deterioration for at least 15 days. Before 
deterioration has taken place, the Hb value of a fresh sample of capillary blood can 
be determined colorimetrically in terms of the original standard ; this sample then 
becomes the standard. In this way the standard can be ‘ kept alive ’ for a con- 
siderable period. It is, liowever, advisable to make a fresh standard from time to 
time using the gasometric technique. The method is suitable for use in group 
hsemoglobin determinations and in large hospitals to which physiological laboratories 
are attached. The employment of the van Slyke gasometric apparatus to determine 
the oxygen capacity of the standard blood solution is an essential part of the 
technique. 

As a further improvement the use of a potentiometer, a galvanometer, and 
a photo-electric cell to compare the intensity of the colour of standard and test 
solutions is suggested. The potentials for different intensities of colour could be 
determined from a series of blood samples of knowm oxygen capacity, and recorded 
graphically ; the Hb value of test solutions could then be determined by comparing 
the potentials with those given in the Graph. 

In most methods of Hb determination, the standard is based on venous blood, 
while the test samples consist of capillary blood. Price-Jones, Vaughan and Goddard’ 
(1935) found no difference between the Hb content of venous and capillary 
blood in a series of European subjects. Napier and Das Gupta (loc. at.), however 
observed that in Indians the Hb content of the capillary blood was DO gramme 
to 1-4 grammes higher than that of venous blood. 


Hasmoglobin values obtained in the pbesent investigation. 

In the male groups the average Hb value was 16-57 g. per 100 c.c. of blood 
with a standard deviation of 2'08 and a coefficient of variation of 12*60 per cent. 
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Tlie variation in this group was greater than in the female group, probably because 
the young women investigated were all living in the same institution. Sokliey 
(loc. cit.), using the van Slyke technique, carried out Hb determinations on 121 
healthy young Indian men in Bombay. He found the mean to be 15'36 g. 
per cent. 

In the female group in IMadras, the mean Hb was 13 'IS g. per 100 c.c., witli 
a standard deviation of 0‘93 and a coefficient of variation of 6’7 per cent. Sokliey 
found the average Hb to be 12*99 g. in 101 women in Bombay. Our mean figures 
are in fairly close agreement with those of Sokhey. 

Napier and Das Gupta (19366) have recently investigated the Hb content of 
the blood of 50 healthy Indian men in Calcutta and found the mean to be 14*77 g. 
per cent. 

Oui* results support the conclusion of these workers that ‘ there is little evidence 
for the statement that often finds its vray into textbooks, namely that the 
haemoglobin percentage in the blood of Indians is usually lower than in that of 
Europeans 

It is desirable, in describing a series of Hb determinations carried out in 
large groups, to give, in addition to the mean value, the standard deviation 
and the coefficient of variation. 


SUMMAIIY. 

(1) The advantages of expressing haemoglobin values in grammes per 100 c.c. 
of blood rather than as percentages are emphasized. It is pointed out that in 
describing the ‘ normal ’ a range should be given. 

(2) A technique, involving the determination of oxygen capacity by van Slyke s 
apparatus, and the use of Bing and Baker’s modification of AVu’s method to compam 
test samples with a standard sample of known oxygen capacity, is described. The 
merits of the method followed, as compared wdth those of other methods in cui'rent 
use, are pointed out. 

(3) In a group of 125 healthy young South Indian males the average liierao- 
globin value w'as 16*57 grammes per 100 c.c. of blood, with a standard deviation ot 
2*08 and a coefficient of variation of 12*5 per cent. In a group of 62 healthy 
young South Indian wmmen the corresponding figures were 13*73 gramines, 
0*93 (tr) and 6*7 per cent (C.A'’.) respectively. As far as the present investigation 
goes, there is no ground for supposing that Hb values are lower in healthy 
Indians than in healthy Europeans. 
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HMATOLOGICAL INVESTIGATIONS IN SOUTH INDIA. 

Part II. 

THE EFFECT OF THE ADMINISTRATION OF IRON ON THE 
HiEMOGLOBIN LEVEL IN INDIAN GIRLS AND 
YOUNG "WOMEN. 

BY 

6. SANKARAN, 

AND 

K. RAJAGOPAL. 

{Nuirilion Research Laboratories, 7. R. F. A., Coonoor, S. India.) 

[Received for publication, September 30, 1937.] 

In the previous paper (Sankaran and Rajagopal, lfl38) mean haemoglobin 
values of groups of healthy young men and -women in South India were reported. 
The values were 16-57 g. and 13-73 g. per cent respectively. The question arose 
whether these figures represent ‘ normal ’ or ‘ optimum ’ levels, and to clarify tliis 
point further an investigation of the effect of non administration on hremoglobin 
was undertaken. 

Experimental. 

Two residential institutions for girls and young women were chosen as the 
venue of the investigation. One of these was a Mission school situated on the 
outskirts of a small town in a rural area ; the other was a residential college in Madras, 
in w-hich research on mean hemoglobin levels had previously been carried out. 
These institutions will be called ‘ Mission school ’ and ‘ college ’ respectively 
throughout the paper. 

In the Mission school experimental and control groups were constituted as 
follows ; Twenty-four girls were given iron and 21 acted as controls, the lowest 
age being 10 and the highest 16 years. Experimental and control groups were 
further subdivided into two sub-groups of 12, one of which was composed of girls 
wdio had not menstruated, the other of girls who had attained puberty ; this sub- 
division was made because it was thought that menstruation might have some 
influence on Hb levels. No other selective criterion was applied beyond the 
arrangement of the groups to obtain rough comparability with regard to aue and 
the attainment of puberty or otherwise. ° 

( 753 ) 
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The girls were of South Indian Tamil stock. All appeared healthy, and there 
was no history or evidence of recent serious illness. Anti-helminthic treatment, 
the chief purpose of which was the eradication of hookworm, was given as a routine 
to all children entering the school and repeated at periodic intervals. Differentia! 
leucocyte counts were made by us in each case, and provided no evidence of 
helminthic infection or malaria. The diet of the girls, based on milled rice, was a 
fairly well-balanced one as judged by the standards obtaining in South India. The 
daily intake of total iron per consumption unit was estimated at about 23 mg. ■ 

In the women’s college two similar groups of 24, one to receive non, the other 
to act as control, were selected for the experiment. Their ages ranged from 16 to 
22, and all had passed the age of puberty. Most of the students "were of Tamil 
or Malayalee stock with a sprinkling of Kanarese and Telugu. Mam* belouged 
to relatively prosperous families. Blood examinations provided no evidence of 
helminthic infection or malaria. General health wms good. 

The diet consumed was based on milled rice but contained other foods, including 
vegetables in fair quantities. Total daily intake of iron per consumption unit 
was calculated to be about 25 mg. to 30 mg. This estimate takes no account of 
losses in cooking or of the ‘ availability ’ of the iron contained in the diet. 

The ADiUINISTRATIOK OE IRON. 

Six grains* of ferrous sulphate, equivalent to about 120 mg. of iron (AYitts, 
1936), in sealed gelatine capsules, were given daily for four weeks f3-grain capsules 
twice daily) to the 24 girls in the Mission school, i.e., each girl received 168 grains 
in all. In the college a similai' dose of ferrous sulphate was given in the same way 
for six weeks, a total of 252 grains for each young woman. The administration of 
each dose was carefull)'- supervised and recorded, and a watch was kept for the 
occurrence of such symptoms as nausea, loss of appetite, vomiting, gastric pam, 
etc. Three of the 48 subjects showed mild nausea, and in these cases the capsules 
were replaced by a mixture containing 30 grains of ferri et amnion citras, to he 
taken twice daily. 

The Hb estimations were made by Bing and Baker’s (1931) modification oi 
AVu’s (1923) method, as described in Part T of this series, and expressed as grammes 
per cent by comparison with a standard blood solution of known oxygen capacity. 
Blood was always taken at the same time of day. 

Ue.sults. 

Tables I and II give the Hb values determined at periodic intervals in the 
two institutions. The same results are displayed graphically in the Chart. In 
Table III the levels obtained in the experimental and control groups are compared 
and the results of statistical analysis given. The criterion of significance was the 
conventional one of ‘ more than twdee the standard eiTor of the difference between 

the two means ’ the formula — being applied, when o- = the standard 

deviation and nj and 112 the number in each of the two groups. 


* 1 grain = cu-S mg. 
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' Significant ’ — the difference is greater than twice the standard error of the difference between tlio two means. 



EXPERIMENTAL GROUP RECEIVING 



INITIAL AFTER AFTER AFTER INITIAL AFTER AFTER AFTER 

LEVEL 2. WEEKS A. WEEKS 6 WEEKS LEVEL 2 WEEKS A WEEKS 2 MONTHS 

Tho inUueurP ol iron on hromoglobin levels. The last column for the Mission school group inclicatoH the level 2 montl.H after tlie .oliniuistration or 
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It will be seea that in both institutions the rise in Hb following the administra- 
tion of ii'on was statistical!)- significant throughout the experiment. In Madi-as 
the mean level in the control group rose from 13'31 g. to 14 ’40 g. per cent drying 
the experimental period. This increase is statistically significant and may perhaps 
be attributed to the greater interest in diet_ which naturally follows the presence 
of nutrition research workers in an institution: the diets consumed by all the 
pupils liuv6 sliglitly iniprovcd niKl fl larger intake of iron in food resulted. Tlie 
rise in the control group was, however, much less than that observed in the group 
receiving iron. 

In the Mission school hajmoglobiu was determined two months after the giving 
of iron ceased. In the ‘ iron ' group it had returned to the original level, but was 
significantly higher than in the controls. 

Menstruation and hemoglobin content. 

There was no significant difference in the Mission school girls who liad and 
had not attained puberty, and both groups showed roughly the same response to 
iron administration. In the college groups Hb levels were determined in 13 
individuals during menstruation and in the intermenstrual period ; the results 
indicate that Hb content is little influenced by menstruation. 


Discussion. 

IViddowson and McCance (1936) have made a study of the effect of iron 
administration on the Hb level of 16 healthy English women between 20 and 30. 
The women were given ferrous sulphate or ferri et ammon citras for six weeks in 
amounts equivalent to 100 mg. of iron daily. The mean Hb level at the commence- 
ment of the experiment was 93 per cent on Haldane’s scale (100 per cent = 13'8 g. 
per 100 C.C.). In eight subjects Hb increased by more than 10 per cent and in five 
cases the increase exceeded 15 per cent. Maximum levels were attained on the 
3rd and 4th weeks. The same workers found that similar doses of iron had 
no effect on Hb levels in a group of 16 males, whose mean initial level was 
104 per cent Haldane. Very little change was observed after two to five 
weeks’ medication. 


In Assam Hapier and Das Gupta (1937) were able to increase the Hb of ‘ coolies ’ 
by 1-0 g._ per cent in 10 days by administering 1 1 grains of ferrous sulphate daily. 
The initial Hb level was il'2 g. per cent. 


In the present investigation the original Hb levels were higher than those 
observed in the investigations of Yfiddowson and McCance and Napier and Das 
Gupta, the averages in the Mission school and college groups being 15-39 g and 
p-31 g. per cent respectively. We cannot account for the difference in the Initial 
levels m the two institutions. In spite of the fact that these two levels were high 
the effect of iron was to produce a marked increase in Hb content, and the level 
ultimately reached was considerably above those attained in previous experiments 
of this nature. In the Mission school a mean rise of 5-11 g per cent took nlace 
^’eeks and m the college there was a rise of 4-04 g. per cent in six weeks 
.Mow, OB »Bd McCance lematlc that ' there i, no proof thal a r^ogStoletei 
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of 103 per cent is better for the women tlian a level of 93 per cent. It is possible 
that the lower level is the optimum, but the higher should probably be regarded 
as the physiological one Both levels — the level representing the mean in healthy 
women not receiving iron and the level attained after iron medication — were 
higher in the Indian subjects. Assuming that this difference is not due to 
variation in technique, the higher Indian figures may be due to racial, or dietary 
factors. Further investigation of this problem is necessary. 

V Our investigations did not throw any further light on the problem raised by 
Widdowson and hTcCance — whether the optimum or physiological level is that 
present before or after iron medication. There was no obvious improvement in 
the health of the girls given iron, observed either by ourselves or their teachers. 
It might be argued, on physiological grounds, that a higher Hb content of the blood 
is advantageous in that it facilitates transport of oxygen and may lead to greater 
efficiency of tissue metabolism. Study of the basal metabolism in relation to Hb 
levels might produce interesting results. 

It is interesting to observe that in the Mission school group ‘ the pre-iron ’ 
level was regained two months after the administration of iron ceased. To keep Hb 
at its ‘ maximum ’ level, continuous dosage with hon appears to be necessary. 

The dose of ferrous sulphate usually recommended in secondary anaemia is 
9 to 15 grains daily. In our investigation we chose a smaller dose, equivalent to 
120 mg. iron daily, since the subjects were not suffering from anaemia. There is 
at present no information as to ‘ optimum ’ or minimum dosage of iron salts required 
to raise Hb in anaemic or apparently normal individuals. The capsules containing 
iron were taken easily by almost all the subjects, and mild gastric symptoms occurred 
in only three out of 48. 

Summary. 

(1) The daily administration of ferrous sulphate to girls and young women 
living in institutions in South India produced a rise in the hremoglobin content of 
the blood. 

(2) In one institution the mean Hb initial level in the group receiving iron 
was 16'35 mg. per cent. After iron had been given for four weeks the mean level 
was 20-34 g. In another institution the levels before and after the administration 
of iron for six weeks were 13-69 g. and 18-44 g. per cent respectively. A rise was 
observed after two weeks of iron medication. Controls receiving no iron did not 
show similar increases. 

(3) Haemoglobin content was found to have returned to the original level two 
mouths after tiie administration of iron had been discontinued. 

(4) No difference was found in Hb content of the blood of girls who had and 
had not attained puberty, or of girls during menstruation and in the intermenstrua 
period. 

(5) It is pointed out that both the initial Hb levels observed in this investiga- 
tion, and the levels attained after iron administration, are higher than those 
recorded by' other workers. 

(61 There is at present no information regarding ‘ optimum ’ Hb levels. 
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Introduction. 

The study of immuuity in recent years has led, mote and more, towards the 
concept that the mechanisms involved are the same, in the main, whether the 
foreign material he virus, bacterium, protozoan, or even inanimate matter. While 
the mechanisms of resistance, then, may be admitted to be the same, or very similar, 
whatever the exciting cause, the results achieved by them would appear to vary, 
in degree if not in kind, according to whether the invading organism is a virus or 
bacterium on the one hand, or a protozoan on the other. The fact is brought 
out by experience that after viral and bacterial infections the immunity 
is often prolonged or even life-long, while after most protozoal infections it is 
evanescent or even non-existent. Thus diseases like yellow fever and enteric 
give prolonged immunity, while amoebic dysentery and malaria confer little or 
no immunity. 

The apparent exceptions, both among viral or bacterial and among protozoal 
infections,_ may eventually prove susceptible of explanation and be shown to he 
no exceptions to the rule. Thus the transient immunity after the common cold 
and influenza among viral diseases and pneumonia, among bacterial diseases, and 
the long-standing or life-long immunity after oriental sore and kala-azar, among 
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protozoal diseases, may be due in tlie former instances to complete disappearance 
of tlie infecting organism from the body and in tlie latter to continued persistence 
in the skin. These considerations would bring us to the concept of ‘premunition’ 
as defined by Sergent et ah (1924), i.e., a condition of continued immunity due to 
the persistence of a latent infection which keeps continuously mobilized the 
protective forces of tlve organism. 

While there is strong evidence, in favour of this theory, so far as protozoal 
and viral iiofections are concerned, and the present study lends further support 
to it, the position with regard to bacterial infections is less clear and we do not 
propose to discuss it here. 

Objects of the present investigation. 

The usual cour.se of events in a typical protozoal disease such as babesiasis 
or malaria is somewhat as follow's : — 

After infection there is an incubation period without symptoms. This is 
followed by a period of p)Texia, the appearance of large numbers of parasites in the 
peripheral circulation, and much blood destruction (acute attack). If the animal 
does not succumb the acute attack is followed by a stage in which there persists 
a latent or low-grade infection which prevents the animal being reinfected with the 
same strain of parasite. This is the condition of premunition. 

It seemed to us that it would be of interest to determine whether the relative 
immunity present in this condition was entirely dependent on the low-grade 
infection and would disappear completely if true parasitic sterilization was 
effected. 

Materials and methods. 

Tor this inquiry u e decided to emplo)’^ infections with Babesia cams, Plasmodium 
hiovjlesi, and Plasmodium cynomolgi. The general plan of the experiments vas 
the same in all infections. Animals were infected with a strain of each parasite 
and the infection was treated, if this w'as necessary to prevent the death of the 
animal. Such treated animals were only given sufficient treatment to keep theiii 
alive and allow them to develop sufficient immunity to establish a condition or 
low-grade infection. 

Some of the anhnals were then further treated until they were not only 
clinically cured but considered to be definitely free of parasites. The two series, 
parasitically sterile and w'ith low'-grade infections, wmre then reinfected with 
homologous strains of parasites and the results noted. 

In the first series of experiments with monkeys this procedure was carried out 
in full. In the cap^ of the few experiments with B. canis and dogs the infection 
of dogs in a condition of jiremunition was not considered necessary as dai v 
experience in the laboratory had already given sufficient evidence that such anima s 
-were usually refiactoiy to fresh infections. In the second serie.'J of monkeys no 
‘ premunition animals were included in order to increase the number of anim^ s 
available for the part of the experiment designed to show the absence or presence 
of immunity after parasitic sterilization. 
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Experiments with Babesia canis. 

For these experiments tlwee dogs were selected as follows : — 

(а) A dog naturally infected. 

(б) A dog infected in the laboratory by infected ticks. 

(c) A dog infected in the laboratory by inoculation of infected blood. 

These do^^s were treated to obtain parasitic sterilization andj after an observa- 
tion period during which daily examination of the blood revealed no parasites, the 
blood was inoculated into another susceptible dog to confirm the absence of 
parasites. Experience has shown the latter to be a most delicate test.^ If the 
test dog remained uninfected it was next proved not to be naturally resistant by 
placing°on it infected ticks. In each case these produced infection after the usual 
incubation period of about four days. 

The experimental dogs proved to be free of parasites by these tests were then 
exposed to'infection to determine the absence or presence of immunity. The 
exposure to infection was brought about by 

(а) placing on them infected ticks, or 

(б) inoculating infected blood. 

The details of tlnee experiments are given below 

EXVEaiMEUT I. 

Dog 37 — found naturally infected with B. canis. 

6th March, 1935 to 22ud March, 1935 .. Daily microscopical examination positive. 

23rd March, 1935.. .. .. Treated %yith OT c.c. of Akiron R. (after previous 

treatment, -with trypan Mne). 

24th March, 1935 to 29th March, 1935 . . Daily microscopical examination negative. 

29th JIarch, 1935 . . . . . . Blood inoculated into test pup 41 -which remained 

uninfected {see below). 

30th March, 1935 to 20th April, 1935 . . Daily microscopical examination negative, 

20th April, 1935 . . . . . . Infected adult ticks put on. 

23rd April, 1935 . . . . . . Parasites appeared in blood. 

24th April, 1936 to 29th April, 1935 . . Progressive infection. 

30th April, 1935 . . . . . . Dog died. 

Test pup 41. 

29th March, 1935 . . . . . . Inoculated with blood of cured dog 37. 

30th March, 1935 to 13th April, 1935 .. Daily microscopical examination negative. 

13th April, 1935 . . . , . . Infected adult ticks (same series as used for do<r 37) 

put on. “ ' 

18th April, 1935 . . . . . . Parasites appeared in blood. 

The test pup proved that dog 37 was uninfected at the time its blood was inoculated into the nun 
and the subsefiuent infection of the latter by ticks proved that it was not a refractory animal. ^ ^ 


Expebihent II. 


Dog 43 — infected in laboratory by tide. 


4th June, 1935 
9th June, 1935 

10th June, 1935 to lOth July, 1935 
19th July, 1935 . . 


Infected adult ticks (same series as for dos 371 
put on. ^ ■' 

Parasites appeared in blood. 

Remained continuously infected. 

'^’ne^usly ^ subenta- 
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Isfc August, 1935 to 6th August, 1935 .. 
6th August, 1 935 . . 

7th August, 1935 to 26tli August, 1935 . . 
26th August, 1935 

27th August, 1935 to 5th Sejjtembcr, 1935 
6th Septeiubor, 1935 
9th September, 1935 

10th September, 1935 to 23r(l September, 
1935. 

28th October, 1935 


Daily microscopical examination negative. 

Treated u-itli 3’5 c.c. of 2 per cent ti^'-pan blue subcuta- 
neously. 

Daily mieroseopical examination negative. 

Dlootl inoculated into test dog 57 which remained 
nninfcetcd (see below). 

Daily microscopical examination negative. 

Infected adult ticks put on. 

Parasites njipeared in blood. 

Progressive infection. 

Dog died. 


J'est Hog 57. 

26th August, 1935 . . . . Tnocr.lated with blood of cured dog 43. 

27th August, 1935 to 16th iScptcmbcr, 1935 Daily microscopical examination negative. 

16th September, 1935 . . . . Infected ticks {n3'mph3 and adults) put on. 

19th September, 1935 . . . . Parasites appeared in blood. 

The test dog proved the parasitic sterilitj' of dog 43 and its own susceptibility to infection. 


Exi*j;rimext III. 


Dog 52 — infected in labomlory by inoculation of blood. 


17th July, 1935 .. 

21st Juljs 1935 . . 

22nd Julj', 1935 to 5th September, 1035 . . 
6th September, 1935 

7th September, 1935 to 13th September, 
1935. 

13th September, 1935 

20th September, 1935 to 27th September, 
1935. 

27th September, 1935 

29th September, 1935 
1st October, 1935 . . 

2nd October, 1935 to 13th October, 19,35 
14th October, 1935 


Inoculated with infected blood. 

Parasites appeared in blood. 

Dail.v microscopical examination positive. 

Treated with 4 c.c. of 2 per cent trj'pan blue subcuta- 
ncousl 3 % 

Dail 3 ' microscopical examination negative. 

Treated with 5 c.c. of 2 per cent tr 37 )an blue subcuta- 
neously. 

Daily microscopical examination negative. 

Blood inoculated into test pup 55 wliich remained 
uninfected (see below). 

Infected blood inoculated. 

Parasites appeared in blood. 

Progressive infection. 

Dog died. 


27th September, 1935 
28th September, 1935 to 14th October, 
1935. 

15th October, 1935 
23rd October, 1935 


Test pup 55. 

Inoculated with blood of cured dog 52. 
Daily microscopical examination negative. 

Infected ticks (nymphs and adults) put on. 
Parasites appeared in blood. 


This test pup proved the parasitic sterilit 3 ' of dog ,52 and its own susceptibility to infection. 


Conclusions draivn from the Babesia experijients. 

The experience of many Markers, as well as our own experience, has shOT'H 
that dogs ^^lth a chronic infection of Babesia cannot readily be superinfected. Th® 
present senes of experiments appears to demonstrate that this immunity JS 
comjJ e e 3 oat as soon as a dog becomes completely free of parasites. So complete 
IS the disappearance of immunity that there is not even the slightest lengthening 
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of tlie incubation period Avhen tbe animal is exposed to infection by any 
method whatsoever. 


FffiST SERIES OF EXPERISIENTS WITH SIONKEY MALARIA. 

Experiments on lines somewhat similar to those followed in the case of 
B. canis were conducted on monlceys infected with the Simian malarial strains — 
Plasmodhtm ajnomolgi and P. hwivJesL In all the animals, infection was induced 
by the intraperitoneal injection of citrated blood drawn from a monkey in an acute 
or chronic stage of infection. Most of the animals employed belonged to the species 
Silenns sinicus but some S. rhesxts were also included. In both these species of 
monkey P. cynotnolgi gives rise to a comparatively mild infection which, without 
any treatment, the acute stage of blood infection lasting on an average 11 days, 
is followed by the stage of chronic or latent infection. None of the monkeys 
infected with this strain of malaria was treated in the acute stage of the disease. 
P. kmivlesi infection is, however, very severe in both the species of monkeys and 
particularly so in S. rhestts. In almost all cases, therefore, animals in this series 
were treated with quinine, given intramuscularly, during the acute primary attack 
and the relapses that followed. Only as few injections as were necessary to keep 
the animal from dying were given, with the object of giving free scope for the build- 
ing up of natural resistance. 

Some of the animals with a chronic or latent infection in either series 
were then taken up for treatment with the object of bringing about parasitic 
sterilization. 


Anti-malarial drugs being notoriously defective in this respect, the following 
plan was arbitrarily adopted. The animals were given, on successive days, four 
intramuscular injections of 2 grains of quinine hydrochloride, followed by 3 grains 
of quinine sulphate by mouth on the two following days. After an interval of 
eight days, each animal was given on successive days, three intramuscular injec- 
tions of atebrin musonate and, after a fmther interval of eight days, a second 
course of this drug w as given on two successive days. The dose of atebrin musonate 
was 6 mg. per kilogram of body-w'eight. 


The following three tests were applied as criteria of parasitic sterilization — 
absence of parasites in thick smears of blood made almost daily, the non-appearance 
of parasites in blood after provocative injections of calcium chloride intravenously 
and inability to infect a normal monlcey when 2 c.c. of blood from the test monkey 
were inoculated into it intraperitoneally. It has been shown by Monteleone (1930) 
and Alberto Videla (1934) that, in the case of latent human malaria, intravenous 
injection of calcium chloride gives rise, on the second or third day, to the appearance 
of parasites in the blood, enlargement of the spleen and a positive Henry’s 
flocculation test. In the treated monkevs injections of calcium chloride were 
commenced one month after the last dose of atebrin, three intravenous 
injections of 0-5 c.c. of 10 per cent calcium chloride being given on successive days. 
A week alter the last injection 2 c.c. of blood were drawn from the vein of each 
monkey m citrated salme and injected intraperitoneally into a healthy susceptible 

monkey, S. simcus. The animals reported as cured have stood these tests of 
parasitic sterilization. 
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The cured monkeys and monkeys with a latent infection were then given an 
intraperitonea] injection of 0’25 c.c. of fresh hlood (oitrated) drawn from a monkey 
infected with the homologous strain at the height of acute infection. At the same 
time one or two normal susceptible monkeys were also infected with the same dose. 
Thereafter, thick and thin smears Averc prepared daily from finger-blood and a 
nAunerical count of parasites Avas carried out by Sinton's method of counting with a 
standardized suspension of foAvl’s blood cells. 


Experiment avith P. cynoinohji inpectiox. 

Eight animals are included in this experiment, namely four cured monkeys, 
three P. sinxous and one 8. rhesus ; three monkeys Avith a latent infection, two 
8. sinicus and one 8. rhesus ; and a normal 8. siuicus as a control. 

It has ahead}’’ been mentioned that this infection runs a mild coiuse and does 
not kill the animals. A comparison of the infections in the different groups has, 
therefore, lioen sought liy the number of parasites counted in one c.ram. of blood. 
If parasites Avere in excess of 900 per c.mm. of blood it has been called ‘ heaA’y 
infection ’. The period of incubation, i.e., the number of days elapsing betv'een 
the day of injection Avith infectiA'e blood and the appearance of parasites in 
the peripheral blood, and the period elapsing between the first appearance of 
parasites and the commencement of ‘ heaAy infection ’ have been taken as criteria 
for judging the differences betAveen the different groups of animals. Table I 
shoAVS these differences : — 


Table I. 


Experiment with P. cynomolgi. 



i 

1 

1 

1 

Period of 
incubation 

(days). 

[ 

TJic number of dnj’S 
elapsing between 
the lirst appearance 
of parafeite.s and 
commencement of 
‘ heav-y infection 

Duration of 
‘ heavy infec- 
tion ’ (days). 

Normal monkey. 

C. 62 .. 

3 

1-2 

16 

Ctired monkey. 

C. r, .. 

2 

3 ] 

6 

>> 

C. LI ' 

2 

0 

" 1 

6 

91 

C. 1.) .. 

3 

6 1 

6 

99 99 

C. so .. 1 

4 

3 ' 

5 

Jlonkey with latent infec- 
tion.' C. If .. 

4 

] 

8 1 

4 

99 99 

C. IS . . 

4 

> • 
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The term ‘ incubation period ’ ' cannot strictly be applied to animals 
with latent infection, but in all the three animals, parasites first appeared 
four days after superinfection, none having been seen during the four 

days. 

The histories of the animals are given in greater detail below 


(1) l^ornial monkey. C. 62 (J!?. siniciis). 


ISth October, 1935 
2l6t October, 1935 

22nd October, 1935 to 6tb November, 193.5 


Infected. 

Parasites first appeared in blood. 

The animal had a ‘ heavy infection ’, the number of 
parasites per c.mm. being 2,000 on 22nd October, 1935, 
gradually increasing to 27,000 on 27th October, 1935, 
and then coming down slightly irregularly to 970 on 
6th November, 1935. Thereafter the irarasites wore 
fewer in number and the animal lapsed into the stage 
of chronic infection. 


(2) Cured monliey. C. 5 [8. sinicus). 

ISth October, 1935 .. .. Was infected after the previous latent infection had 

been cured. 

20th October, 1935 ' . . . . Parasites first appeared. 

23rd October, 1935 to 28th October, 1935 Had a ‘ heavy infection the parasite count on aurcessivo 

days per c.mm. being 1,800, 2,700, 5,900, 0,100, 
7,900, and 4,500. Later it passed into a chronic 
condition. 

Precious history . — First infected 9tb Febrnary, 1935. On 10th February. 1935, parasites first 
appeared. Was superinfected on 23rd May, 1935, but never developed a good infection. Treatment 
commenced on 8tli July, 1935. 


(3) Cured monkey'. C. 9 (»S. sinicus). 

ISth October, 1935 . . . . Was infected after the previous latent infection had been 

eared. 

20th October, 1935 .. .. Parasites first appeared. 

22nd October, 1935 to 27th October, 1935 Had a ' heavy infection the parasite count on successive 

days per c.mm. being 1,300, 2,200, 6,000, 12,900, 
14,600, and 2,600. Later it passed into a clironic 
condition. 

Previous .'lisfori/.— First infected 28th February, 1935. On 14th March, 1935, parasites first 

appeared. Remained infected till treatment was commenced on 8th July', 1935. 


(4) Cured monkey. C. 16 (8. sinicus). 


18th October, 1935 
21st October, 1935 

26th October, 1935 to 31st October, 1935 


IV as infected after the previous latent infection had been 
cured. 

Parasites first appeared. 

Had a ‘ heavy infection the parasite count on succes- 
sive days per c.mm. being 3,200, 2,000, 9,200, 17 fiOO 
_0,400j and 6,600. . Later it passed into a chronic 
condition. 


Previous history.— Pirat infected 10th June, 1935. 
Treatment commenced on 8th July, 1935. 


On 21st June, 1935, parasites first appeared. 
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(5) Cured nionl;cy. G. IJO (6'. rJicsus). 

18th October, 103.) . . . . Was infected after the previous latent infection had been 

cured. 

22nd October, 1935 . . . . Parasites first appeared. 

From 25th October. 1935, till its death on Had a ‘ hc.avj' infection ’, the parasite count on successive 
30th October, 1935. days per c.mm. being 4.200, 5,000, 4,400, 19,400, and 

4,700. Had been in a weak state of health and 
suffered from Bnlaiiiidium infection. 

Previous history. — First infected Sth Jfay, 1935. On 15th ^fav’, 1935, jiarasites first appeared. 
Treatment commenced on Sth July, 1935. 


(6) Monkey with latent infection. C. 14 {S. shiicus). 

18th October, 1935 . . . . Was snpcrinfccted. 

22nd October, 1935 . . . . Parasites first appeared. 

30th October, 1935 to 2nd November, 1935 Had a ‘heavy infection’, the parasite count on suc- 
cessive days per c.mm. being 2,700, 4,S00, 7,300, 
and 3,000. ■ Later it passed into a chronic condition. 

Previous history. — First infected on 25th ifarch, 1935. On 8th April, 1935, parasites first appeared- 
Till it was supcrinfected, a few parasites could occasionally be seen. This monkey wes never treated 
at any time. 


(7) Monkc 3 ' with latent infection. C. 18 [S. rhesus). 
lath October, 1935 .. .. Was supcrinfected. 

22nd October, 1936 . . , . Only a single parasite seen in the thick smear, ihever 

had more than three parasites in thick smear at any 
time thereafter. 

Previous history. — First infected on 23rd May’, 1935. On 30tb May, 1935, parasites first appeared. 
Had no treatment at any time. 


(8) Monkey with latent infection. C. 43 (S. sinicus). 

1 Sth October, 1935 . . . . Was superinfected. , , 

22nd October, 1935 . . . . Parasites first appeared. It never developed a lica j 

infection ’. 

Previous history. — ^First infected on 9th July, 1935. On 16th July, 1935, parasites first appeared. 
Had no treatment of any kind. 

The re.siilts of this experiment may be summarized as follotvs ; — 

1 . In the normal monkey there was an incubation period of three days and it 

took less than two more days before ‘ heavy infection ’ commenced. 
The ‘ heavy infection ’ stage lasted 16 days and was followed by n 
stage of chronic infection with parasites graduallj’’ diminishing m 
number. 

2. All the four cured monkeys had, on an average, the same period of incuba^ 

tion as in the normal monkey, but the period of ‘ heavy infection 
was considerably shorter, six day-s, and it took a little longer beiore 
fhis stage of ‘ heavy infection ’ was attained. 

3. All the three monkeys with latent infection showed the slightly^ ionger 

period of incubation of four days. Two of them never got a ^ tiea'} 
infection ’ and the third, after a period of eight days, had a liea>) 
infection lasting only four davs. 

It is uiuortunate that there was only one control monkey in this series as the 
course of the infection in it may not be quite typical. 
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Experbient with P. knoivlesi infection. 

In this experiment there were eight monkeys in all— four cmed monkeys three 
S sinicus and one S. rhesus ; two with a latent infection, a, S. simcus and a S. rhesus , 
and tl normal S. simcus as controls. The infective, dose of blood was drawn 
from a S. rhesus at about the height of acute infection and contained 90,000 

parasites per c.mm. , , _ ■ t . -n i . 

The histories of the individual animals in this series are given in uetail below ; 


(1) Normal monkey. K. 61 (S. sMciis). 


11th October, 1935 
15th October, 1935 , 

16th October, 1935 to 20th October, 193o. 


Infected. 

Parasites first appeared. 

The parasite count per c.mm. on successive days was 
22,100, 63,100, 36,000, 71,000, and 211,000. Died 
on 21st October, 1935. 


(2) Normal monkey. K. 42 (6'. shtietts). 


11th October, 1935 
15th October, 1935 

10th October, 1935 to 21st October, 193o . . 


Infected. 

Parasites first appeared. 

The parasite count per c.mm. on successive days was 
19,200, 16,000, 193,900, 464,000, 503,200, and 

1,047,000. Dieil on 21st October, 1935. 


(3) Cured monkey. K. 1 {S. sinicits). 

11th October, 1935 •• •• Was infected after the previous latent infection had been 

cured. 

16th October, 1935 •• •• Parasites first appeared. Thereafter it had a low-grade 

infection except for a slight rise on 22nd October, 1 935, 
and 23rd October, 1935, to 2,700 and 900 parasites per 
c.mm. The animal survived. 

Previous history . — ^Pirst infected 15th January, 1935. Parasites first appeared in blood on 23rd 
January, 1935. This monkey never developed a severe infection requiring treatment with quinine. 
It was superinfected twice— for the first time on 23rd May, 1935, with infective blood inteperitoneally 
and at'ain on 19th June, 1935, with 1 c.c. of highly infective blood by the intravenous route, but never 
developed a good infection. Treatment for parasitic sterilization commenced on 8th Juh', 1935. 


(4) Cured monkey. K. 4 (S. sinicus). 

11th October, 1935 . . - • Was infected after the previous latent infection bad been 

cured. 

T5th October, 1935 . . . - Parasites first appeared. This monkey never developed 

* n ‘ heavy infection ’ and survived. 

Previous history . — First infected 31st January, 1935. Parasites first appeared in blood on 5th 
February, 1935. On 9th February, 1935, it was given 1 grain of quinine intramuscularly. Thereafter 
it had a' chronic infection. 20th .June, 1935— siqjerinfected, but resisted it. Treatment for parastio 
sterilization commenced on 8th July, 1935. 


(6) Cured monkey. K. 38 {S. rhesus). 


11th October, 1935 
loth October, 1935 
I6tb October, 1935 


Was infected after the previous latent infection had been 
cured. 

Smear contained a very large number of parasites— 10 
to 14 per field. No count made. 

The count was 1,600,000 and the animal was in a very 
bad condition. Died on 16th October, 1935 


Previous history.— Piv&t infected on 4th .June, 1935. Parasites first appeared in bldod on lOtb 
June, 1933. Treated with four infections of quinine intramuscularly for four consecutive days from 10th 
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June, 1935. Had no relapse and the animal passed into the condition of chronic infection. Treatment 
for parasitic sterilization commenced on Sth Julj-, 1935. 


(6) Cured monkey. K. 37 (S. niniciis). 

11th October, 1935 .. .. Was infected after the previous latent infection had been 

cured. 

15th October, 1935 . . . . Parasites first appeared. 

16th October, 1935 to 22nd October, 1935 Had ‘ heavy infection the parasite count per c.mm. on 

.successive days bein- 6.400, 20,700, 17.300. 3, 0 ). 
7.000. 2.600, and 1.400. It passed into a chronic state 
of infection. The animal survived. 

Previous histonj. — I'Jrst infected on 29th jifay. 1935. Parasites first appeared in blood on .5(11 
.June, 1935. From 6th June, 1935. was gi\-cn an injection of quinine daily for three davs. Hao "o 
relapses on 17th .June, 1935, and 29tli June, 193.5. and was treated with a course of quinine on 
each occasion. Thereafter it passed on to the stage of latent infection. Treatment for parasi ic 
sterilization commenced on Sth Jul}', 1935. 


(7) hfonkej' with latent infection. K. 12 (if?, shiicvs). 

11th October, 1935 .. .. Was superinfccted. 

15th October, 1935 . . . . Parasites first appeared. 

Tliis monkey never had a ‘ heavy infection ’. It had been venk and emaciated for sonic dais 
and died on 2nd'November, 1935, but not of an acute attack of malaria. 

Previous history. — Fir-st infected on 13th March, 1935. Parasites first appeared in 
26th March, 1935. This monkey did not develop acute symptoms requiring any quinine trea 
Passed on to a chronic state of infection. 


(8) hlonkcy with latent infection. K. 33 {S.- rhesus). 


11th October, 1935 
15th October, 1935 
From 16th October, 1935 

.21st October, 1935 


AVas supcrinfected. 

Parasites first appeared. 

The parasite count gradually rose from 
29.100, 74.730, JG^OO, and 265.300. 
The animal died. 


1,100 to 4,6un, 


Previous history.— First infected on 23rd May, 1935. Parasites fiist appeared m blood o" 
Mav, 1935. Treatment with quinine intramuscularly was commenced from 27th Mav, J.i.-o. i 
days. It had three relapses during the ne.vt six 'weeks and required quinine injections on 
occasion. Later it passed into a chronic state of infection. 


The results of this experiment may be summarized as follows : — 

(1) Both the normal controls had an incubation period of four days and 

died on the tenth day after infection, i.e., on the sixth day alter tlic 
appearance of parasites in the peripheral blood. 

(2) Of the two monkeys with latent infection, one — the S. rhesus heha'^ed 

in a manner yery similar to the normals. It died on the tenth da} 
after an ‘ incubation period ’ of four days. The other mon ^e} 
survived. 

(3) One of the cured monkeys—^, rhesus — had an incubation period 

than four days and died on the fifth day of infection, much earliei ni 
the normals. The other three survived. 

(4) One of the cured monkeys and one with latent infection— i?. stntcus, 

K. 4 and K. 12 — had mild attacks and survived. 
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Discussion op results. ’ 

First series of experiments with monhey malaria. — In tlie case of P. cynomolgi 
infection tliere is a niaiked difference in behaviour between cured monlceys and 
those with a chronic or latent infection when inoculated with the homologous strain. 
The former are apparently as susceptible as normal monkeys since all liecame 
infected and with no lengthening of the incubation period, and all develop a heavy 
infection. Monkeys with latent infection, on the other hand, usually cannot be 
superinfected and do not, as a rule, develop a heavy infection. The duration of 
heavy infection in the cured monkeys nas veiy uniform. The much longer dura- 
tion in the one normal monkey in the series may be considered with some 
reserve as the average of fifteen other monkeys was eleven days. We may sum 
up, therefore, in the case of P. cynomolgi infection by saying that after parasitic 
sterilization the monkey is as susceptible as a normal animal, but the duration 
of hea'gv infection may be somewhat less. 

In the case of P. Jnwwlesi infection, the results are different. One of the cured 
monkeys and one of the monkeys with a latent infection showed the same 
susceptibility as the normal monkevs and died. The re.st of the animals in both 
groups survived. Wo do not propose to discuss these results as. in the first 
place, the number of animals experimented with is small and, secondly, the 
question as to whether there is a difference in virulence of parasites in the acute 
and chronic stages of infection may have some bearing on the results. It is also 
questionable to what extent the test of cure adopted is dependable in treated 
monkeys. The test depended on the inability to infect a siiiicus monkey when 
2 c.c. of blood from the test animal were injected into it intraperitoneally. The 
more susceptible species, S. rhesus, would have been the animal of choice, but it 
was not available at the time. 

Second series of experiments tvith monhey malaria. — In this series instead of 
making a comparison between cured monkeys and those with a latent infection 
it was decided to investigate only the question as to whether there was a residual 
immunity after parasitic sterilization. This also enabled us to utilize a greater 
number of monkeys in one series whereby the results may be considered to be less 
liable to error due to individual variations among the monkeys. 

A total of 26 monkeys was available for the experiment, of which four were 
S. rhesus and the rest S. sinicus. 


These were animals which had been used for testing certain anti-malarial dru^s 
and were all in the state of chronic or latent infection. A reference to Table II 
will show that a considerable time had elapsed since the first infection of these 
animals so that they were in a condition to show whatever degi'ee of immunity 
they were capable of developing. While in this condition thej-'were treated for 
cure on precisely similar lines to those described as used in the previous series and 
the same tests of cure were employed. They were then infected with the homologous 
straiu of monkey malarial parasite, in this case P. hnmiilesi. The results of *thio 
experiment are given in Tables II and III. ‘ 

The results of this experiment indicate that monkeys which have suffered 
from chronic or latent infection with P. hmvlesi and haie been vender^ vLt 
sitically sterile by adequate treatment show no residual immunity to infeSfon 
with the homologous strain of this parasite. ^ ^“isction 



Showing the absence of immunity after parasitic sterilization. 
Experiment with P. Icnoiolesi (second series). 
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A further analysis of the results obtained in this series of monkeys is ol 
interest. 


Table JIT. 

Showing the incubation period, time needed for the infection to reach a 
degree requiring treatment {when nuch a degree was reached), and 
the degree of infection attained, in the qmmary 'infection 
and. that induced after cure. 


1 

PamARV INFKOTION. 


\ 

' Infection after cure. 

j 

Mon];ey 

number. 

Date of 
primarj’ 
infeotion. 

Incuba- 
tion 
periofl 
in clays. 

Severity of 
infection. 

•Severity 
. of first 
relapse. 

Date of 
' infection 
! after cure. 

1 

1 

Incuba- 
tion 
period 
in day.^. 

Severity of 
infection. 

_ 

1 

25th January, 

3 

Heavy. 

Light. 

29th .Tune. 

4 

]\Ioderafe. 


19.37. 



1937. 


Heavy. 

2 U 


4 

Light. 

Heavy. 

•• 

6 

S 

« « 

3 

Heavy. 

Moderate. 



• » 

a 


3 


Heavy. 


' 5 

•• 

fi 


3 

99 

Moderate. 


3 

Light. 

0 


3 

99 

Moderate. 

Light. 


4 

10 

• > 

3 

Jloderatc. 


3 

» 

11 


3 

99 

99 


6 


12 

13 

4tli February, 

3 

8 

99 

99 

Light. 

99 

>* 

6 

5 

Moderate. 


1937. 







14 


3 

Heavy. 

99 


4 

99 

1.5 


3 




4 


16 


3 




3 

Light. 

17 


3 

9* 

” 


7 

99 

10 R 


5 

Moderate, 



4 

Heavy— died. 

Heacn'. 

20 R 
23 R 


8 

8 

Light. 

Moderate. 



7 

7 

25 

13th March, 

7 

Light. 



3 

99 


1937. 



” 



Heavy — died. 

26 

99 

6 

Jloderate. 



3 

27 

99 
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99 


3 

Heavy. ■ 

Heavy— died- 

2S 


4 

Heavy. 

99 

Sih 


3 

30 

31 

«« 

• » 
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3 

99 

Light. 


3 

5 

99 

Moderate. 

34 

99 

3 


99 


3 

99 

35 

36 

99 

99 

3 

4 

99 

99 

99 

Moderate. 

99 

99 

99 

3 

5 

Heav}'. 

Moderate. 


AvER\C5F. . . 

4.„ 



' 

4-5 



The results yiven in Table III indicate the variability in the results 
in the primary and ‘ after cure ’ infections. In some cases the primary infec lo 
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becomes lioavy sooner ojid is more severe tlian the ‘after cure ’ infection in the 
same monkey' nncl in other cases this result is reversed. In some cases a light 
infection in the primary attack becomes a lieavy one in the after enre attack and 
vice versa. 

These contradictor}'^ residts would appear to indicate not tliat tlie effects of the 
primary attack exerted any influence on the after cure attack but that the latter 
was uninfluenced by any residual immunity and that the infection behaved as it 
vould in a similar number of primary infections. 

General suaratARY and conclusions. 

1. Experiments carried out with three different protozoan parasites, Babesia 
caiiis. Phismodiitni cymmoliji, and Plasmodium knotvlesi, .appear to indicate that 
immunity to these parasites is dependent on their continued existence in the host's 
body. 

2. Para.sitic sterilization of the host is follov ed by susceptibility to infection 
by the homologous .strain of para.sitc as complete as in a primary infection. 

.3. The question as to whether ‘ after cure ’ attacks are, on an average, as 
severe as primary attacks requires further investigation, using larger series 
of animals. 
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In a previous paper it lias been shown by Ghosh and He (1937) that, by 
cataphoretic experiments under suitable conditions, more than two-thirds of the 
proteins associated with the neurotoxin and hsemolysin of dried cobra (Naja naja) 
venom can be removed and that partial separation of the neurotoxin from the 
hsemolysin can also be effected. This method, however, proved unsuccessful for 
further purification of these toxins. Other methods were therefore tried and these 
consisted in fractional precipitation of proteins by electrolytes, adsorption of the 
toxins by colloidal precipitates, and their subsequent elution fi-om such precipitates, 
and so on. The results which have been obtained so far by adopting these procedures 
are recorded in this paper. From an examination of these results it will be noticed 
that it has been possible to separate the neurotoxin from the hremolysin and to 
purify them to such an extent that for the same nitrogen content, the purified 
samples of neuiotoxin and hjemolysin are about 17 and 4. times more active 
respectively, than the dried crude venom. 


Purification of the neueotoxin. 

(a) The first stage of removal of proteins by fractional precipiialion loith sodium 
sulfhate.~Th^ salts which are commonly used in the fractional precipitation of 
proteins are sodium sulphate and ammonium sulphate. In our experiments we 
used sodium sulphate in preference to ammonium sulphate because the latter is 
more toxic than the former and also because it interferes with the estimation of 

{ 779 ) 
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proteins liy tlie direct detenniiifiTion of the nitrogen content, of tlie solution. Howe 
(1921) showed tliat the gloltnlins ^iresent. in a solution of blood serum can be 
precipitated when enough sodium .sulphate is added to raise its concentration to 
22 per cent. GangiOy and j\Talkana (19,^6) record that cobra venom contains an 
appreciable quantity of globulin. To separate it we gi'aclually added, with repeated 
stirring. 4-4 g. of anhyclrous sodium sulphate to 20 c.c. of a O'o per cent solution 
of cobra venom maintained at .37°C. The, mixture was kept in the thermostat 
for one hour. The precipitate formed was separated from the supernatant liquid 
by centrifuging. The precipitate was redissolvcd in 10 c.c. of water and reprecipi- 
tated by the addition of 2'2 g. of anhydrous sodium sulphate and left in the 
thermostat at 37'o°C. for one hour. This process of solution and reprecipitation 
of the precipitate was repeated twice. The different fractions of supernatant 
liquids obtained during these operations were collected, the total volume measured, 
and the toxicity of the mixture determined b}”^ intramuscular injection into pigeons 
weighing 300 g. to 310 g. It was found that an appreciable portion of the 
neurotoxin was carried down by the precipitated globulin. Experiments were 
therefore carried out to deteirrune the condition under which the maximum of 
purification with the minimum of lo.ss of the neurotoxin occurs. It will he noticed 
from the data recorded in T^ble I that the optimum condition of precipitation is 
at pH 3'8. In all subsequent experiments therefore, in the first stage of purification, 
the globulins were precipitated at pH 3*8 with 22 per cent sodium sulphate. 


Table T. 


pH. 

Percentage of 
protein removed 
by precipitation. 

Percentage of 
neuroto.vin Io.«t. 

-s-s 

G8-7 

1 

, 

0-8 

GO-l 

]8-2 

7-0 

G9-7 

19-7 

9-4 

i 

70-1 

21-2 


(&) The second stage of removal of proteins b^/ fractional -precipitation with soiliwn 
sulphate. Forty c.c. portions of the cobra venom solution from which the glohu ms 
had been ^emo^•ed by treatment with 22 per cent sodium sulphate at pH <3 '8 were 
taken m a numl.er of conical flasks. Their pH was adjusted to different vahics 
and then increasing amounts of sodium sulphate (anbydrousl were added to thes 
solutions and the mixtures kept at 37-5°C. for one hour. In each case theprecipi^te 
orrrie was separated from the supernatant solution by centrifuging- ' 
precipi a e was redissolved and reprecipitated as described in the first stage. T’ 
eren actions of supernatant liquid were collected, mixed, and made up 
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100 c.c. The protein content and the toxicit}' of the mixture were then deterimn^. 
It was found in this way that the optimum condition of precipitation was m the 
neishhourhood of pH 5-8, the sodium sulphate concentration fn the solution being 
33 per cent. The supernatant liquid under this condition of precipitation was 
very rich in neurotoxin and poor in protein. This will be evident from, the data 
recorded in Table II and obtained from an analysis of the supernatant liquid. In 
all subsequent experiments therefore the second stage of fractional precipitation 
of proteins was carried out in the neighbourhood of pH 5‘8 with 33 per cent 
concentration of sodium sulphate. 


Table IT. 

Number of il/. L. D. per m>j. of N-i of the dried crude venom : 21 -9. 


pH. 

X. in mg. per 
100 c.c. of 
solution. 

Protein per 
too c.c. of 
solution. 

1 Number of ' 
M. L. 11. per i 
100 c.c. of j 
solution. 

j Number of 
j M. L. D. per 
mg. of N„ in 
the solution. 

:V8 

0-874 

i 

.5-403 

185 

1 

224 

1 

0-8 

0*755 

4-719 

i 

175 

i 232 

7-0 

0-G53 

4-075 

150 

1 

1 230 

9-4 

0-56G 

3-.730 

1-30 

•212 

1 


[c) The third nkige of jnirifcaliun by adsorption on tungstic acid and elution from 
its surface.— -To 60 c.c. of the supernatant solution obtained after the second stage 
of purification was added 0'5 c.c. of 10 per cent sodiimi tungstate and 0‘5 c.c. of 
2/3 normal sulphuric acid, and the mixture kept at 37 °C. for ten minutes. The 
precipitate was then separated from the supernatant liquid by centrifuging and 
washed twice with an aqueous solution containing sodium tungstate and sulphuric 
acid in the same proportion as already described. The precipitate was then treated 
with 10 c.c. of water and H/5 alkali was added to it ^op by drop with repeated 
stiiring until the jiH was 8'0. The tungstic acid precipitate dissolved at this pH. 
The solution was then treated with a slight excess of barium chloride to remove the 
tungstic acid as barium tungstate. The excess of Ba ions was precipitated by 
treatment with the requisite quantity of NaoSO^. The nitrogen content and 
toxicity of the supernatant solution were determined. The results obtained bi' 
repeating the experiment a number of times using the same sample of cobra venom 
are recorded in Table III. It will be noticed that the re.sults are fairly reproducible. 
The data in column 5, under the heading ‘ purification effected are obtained by 
dmdu^ the corresponding figures in column 4 by 21-9 which is the number of 
L. D. per mg. of nitrogen of the dried crude venom. It will be noticed that 
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the neiirotoxin has lieen concentrated in a protein fraction in wliich its activity, 
for the same nitrogen content, is 16 times greater than that of the dried crude 
venom. This active'protein fraction does not contain hsemolysin. 


Table III. 


Exiierimcnt j 
number. 

j 

in mg. per 
10 r.c. of 
solution. 

Number of 
M. L. D. in 

10 c.c. of 
solution. 

1 

1 Number of 
M. L. D. in 

1 mg. of 

N,,. 

Purification 

efTected. 

1 

0-50 

j 

1G5 

[ 

330 

15-06 

2 

0-424 

140 

330 

15-06 

3 

0-47S 

160 

334 

15-25 

4 

0-508 

170 

j 

334 

15-25 


(cl) Removal of eleclrolyles from the purified neurotoxin fraction . — The solution 
obtained after the removal of tungstic acid contains electrolytes in addition to tlic 
neurotoxin which is very prolrably still associated with an appreciable quantity of 
inert protein The solution was therefore dialysed in a cellophane bag against 
distilled water inside a refrigerator. When the water outside the bag ceased to 
give any test of sulphate the solution was withdrawn from the bag, its toxicity 
tested, and a measured volume was evaporated in a vacuum desiccator. When 
completely dry the residue was weighed. It was found that l?/3 mg. dry 
residue contained 625 M. L. D. of neurotoxin. Therefore 1 mg. of the residue 
contained 50'3 M. L. D., whereas 1 mg. of the dried crude venom contained 
3'33 _M. L. D. Therefore a purification of about 15'3 times of the nem'otoxin 
fraction has been effected. 


Purification of the concentrated neurotoxin fraction by 

CATAPHORESIS. 

The 15 times purified neurotoxin fraction obtained after dialysis was suhjerfed 
to cataplioretic experiments with the object of purifying it still further. The 
apparatus and arrangements used were the same as described in a previou.s 
(Ghosh and De, loc. cit.). Ten c.c. of the neurotoxin solution containing 20 
M. L. D- vero adjusted to the requisite pH and were placed in the anode chamber 
of the cell. The anode chamber was separated from the middle one by a parcli- 
ineiit mem uane and between the cathode chamber and the middle one a membrane 
of cellophane was used. About 216 coulombs of electricity were passed throng ' 
the cell m the course of six hours. After this the toxicity and nitrogen content 



B. N. Ghosh and S. S. Be. 


783 


of the middle chamber were estimated. The results are recorded in Table IV. 
It will be noticed from these data that a further purification of the neurotoxi 
ftaction is possible and the range of optimum pH is 8-0 to 9-0. 


Table IV. 

Number of M. L. D. per mg. of Nz of dried crude venom : 21-9. 


pH. 

1 

j 

N- in mg. in 
the middle 
chamber. 

Number of 

M. L. D. in 
the middle 
chamber. 

M. L. D. per 
mg. of N„ in 
the middle 
chamber. 

PuriOcation 

effected. 

4-2 

0-114 

! 

1 

40 

360 

16'0 

6-0 

0-092 

33 

358 

16-4 

8-0 

0-067 

25 

373 

17-0 

9-4 

0-046 

17 

370 

1 

1 

16-9 

1 


(e) Ficrificafion by adsorflion on and elulion from the surface of silica gel . — ^It 
was found in a preliminary experiment that silica gel adsorbed the neurotoxin of 
the cobra venom and that the adsorbed nemotoxin can be partially extracted by 
treatment with hydrochloric acid solution. An attempt was therefore made to 
further purify the concentrated neurotoxic fraction obtained after the stage (c), 
i.e., after the removal of tungstic acid as barium tungstate, by adsorption and 
elution from silica gel. Twenty -five c.c. of the neurotoxin fraction containing 200 
M. Ij. D. were adjusted to pH 9-6 and shaken for 30 minutes with 5 c.c. of a silica 
suspension containing 104 mg. SiOj. The silica was separated from the supernatant 
solution by centrifuging. The solid was w'ashed once with 10 c.c. of water adjusted 
to pH 9-6 and then shaken with 15 c.c. of N/2 hj^drochloric acid solution for 30 
minutes. The mixture was then centrifuged and the supernatant solution with- 
drawn and analysed. It was found to contain 0-242 mg. Ng and 88 M. L. D. 
of neurotoxin. Therefore compared to the crude cobra venom it was 16-6 
times purer. 


(/) Iso-electric behaviour of the 15 times purified neurotoxin fraction. — In a 
previous paper it has been stated by us (Joe. cit.) that the neurotoxin is a substance 
pronouncedly basic in character. The experiments therein recorded were carried 
out with the crude cobra venom. It was therefore thought desirable to verify and 
extend our pievious observation w-ith the highly purified neurotoxin sample now 
prepared. The experimental arrangements were exactly the same as described 
in the paper referred to. The pH of the solution containing the neurotoxin was 
adjusted to the requisite value and the solution was placed in the middle chamber 
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of tlie glass cell. The middle chamber was separated fiom the two side cliamhers 
by parchment membranes. jAfter passing 216 coulombs of electricity in the course 
of six hours the contents of the anode and the cathode chambers were tested for 
neurotoxin Iry intramuscular injection into pigeons. The results arc recorded iu 
Table Y. It will be noticed that the iso-clectric point of the neiirotoxin lies above 
I)H 9'4. It is perhajjs iu the neighbourhood of pH ITO. 


Table V. 


pll. 

Cathode 

Anode 

chamber. 

chamber. 

7-0 

-f- 

l 

j 

i 

S-0 

+ 

— 

9-4 

-f 

— 

11-0 

— 

— 


PuRIFIOATIOiSr OP THE HASMOLYSESJ. 

It has been observed by us {loo. cil.) that the major portion of the hseinolysm 
can be separated from the neurotoxin, when sufficient quantity of sodium chloride 
is added to a one per cent solution of cobra venom, so as to bring the final conceutni^ 
tion of the salt to 20 per cent. Gangulj’^ (1937) has also observed that the entire 
amount of hajmolysin free from neurotoxin is found in the precipitate foimed ))' 
saturation with sodium chloride. The haemolysin fraction thus obtained is sti ^ 
associated with a large amount of inert protein. Attempts were therefore intu t 
to purify it still further. After a number of preliminary experiments the following 
method was adopted to remove some of the protein impurities: The precipitate 
olitained in a one per cent cobra venom solution, containing 20 per cent sodium 
chloride and kept at 37°C. for one hour, was separated from the supernatant solu loii 
by centrifuging. The precipitate Avas then dissolved in 10 c.c. of water and the 
reaction of the solution adjusted to pH 7-8. The solution contained in a test-tune 
was placed in a water-bath at 86°C. After two minutes the solution became turbid, 
when one drop of N/5 NaOH was added. The solution was stirred to prevent the 
formation of clumps and two minutes later another drop of the NaOH solution was 
added. After six minutes the test-tube was withdrawn from the bath and the super 
natant solution separated from the precipitate by centrifuging. The supernatan 
solution contained the haemolysin. On analysis it was found that its haemolysin and 
protein contents were, respectively, 71 per cent and 19‘9 per cent of those present m 
the material with which we started. Therefoi e compared to the original venom, t 'C 
concentrated hicmoly.siu fraction is 71/J9-9, i.e., about 3-0 times purer than the 
crude venom. The hccmolysin thus purified was freed from electrolytes and 
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subiected to catapliorctic experiments for further pmification. Tlic experimental 
arrangement was the same as described under Section (e). After passing 210 
coulombs of electricity through the cell in the course of six hours, the content of the 
middle diamber to Which the hsemolysin migrated was analysed. The lesults are 
recorded in Table VI. It is assumed that per mg. of N 2 of the crude venom 16-6 
units of Iiasmolysin are present. Jt will be noticed that the maximum purification 
is four times. 


Table VI. 


1 

pH. 

Jig. of Nj per 
10 c.c. of 
solution of 
tlio middle 
chum her. 

Number of 
units of 
luomolj’sjn 
per 10 c.c. 
of solution 
in the middle j 
chamber. 

Purification 

oifected. 

0-0 

1-32 

S5 

1 

3-9 

so 

1 O'O 

1 60 

4-0 

0-4 

1 0'48 

1 

32 

4*0 

1 


Discussion. 

The separation of the neurotoxin and the hsemolysin of cobra [Naja naja) 
venom from one another and also from the associated non-toxic protein material has 
previously been attempted by a number of workers. Of these Ganguly {loc. dl.) and 
Ganguly andMalkana {loc. ci(.) appear to be the most successful. They succeeded 
in concentrating the neurotoxin within a protein fraction representing 16-8 per cent 
of the dried crude venom. IVe have, however, been able to concentrate the 
neurotoxin within a protein fraction 5'2 per cent of the dried crude venom. This 
shows that the sample of ncurotoxin separated by ns is more than three times more 
active than the sample obtained by Ganguly and Malkaua. It appears therefore 
tliat for the same nitrogen content, the sample of ncurotoxin separated by us is the 
most active. The same remark also holds for the concentrated hsemolysin fraction 
obtained by us. 

Conclusion. 

1. A very active sample of cobra {Naja naja) ncurotoxin free from haauolysin 
has been prepared by fractional precipitation with sodium sulphate, followed by 
adsorption on and elution from tungstic acid surface, dialysis, and finally by 
cataphoresis. For the same nitrogen content the sample was 17 times more toxic 
tliau the dnecl cnulc cobra venom, 

T-T o-.t iso-electric point of the pui-ified ncurotoxin appears to be above 
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3. The hsemolysin of cobra {Naja naja) venom has been separated from tlie 
neurotoxin by precipitation with sodium chloride and then further purified from 
the greater portion of tlie other proteins by coagulating them at 86°C. from a 
faintly aUraline solution, and finally by the cataphoresis of the solution obtained 
after heat coagulation. For the same nitrogen content the hiemolysin fraction 
so purified is four times more active than the crude venom. 
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THE SUCCESSFUL TRANSMISSION OF CUTANEOUS 
LEISmiANIASIS BY INOCULATION TO MAN 
FROM A NATURAL LESION OCCURRING 
ON A BOG IN INDIA. 

BY 

Lieut.-Colonel J. a. SINTON, m.d., d.sc., i.m.s.* 

{Malaria Laboratory, Horton Hospital, Epsom, England.) 


[Received for publication, August 7, 


Lesions due to cutaneous leishmaniasis occurring naturally on the nose of a 
dotr living in the Punjab, India, were recorded by Sinton and Shortt (1934). At 
the time when the nature of the infection was first recognized, infected material 
was inoculated into a monkey {Silenus rhesus) and into two human volunteers. 

The monkey was inoculated by cutaneous scarification (eyebrow), and also 
by intradermal and subcutaneous injections (abdomen). An Indian volunteer, 
who had a history of oriental sore in childhood, was inoculated by cutaneous 
scarification on the front of the forearm, and a similar inoculation was made in a 
European, who had not previously suffered from any form of leishmaniasis. The 
material used for scarification was a serosanguineous exudate from a small ulcer 
on the nose of the dog. This material showed Leishman-Douovan bodies on 
microscopical examination, and a small drop was scarified into the skin with a 
Hagedorn’s needle in a manner similar to smallpox vaccination. The sites of 
inoculation were in every instance carefully noted and accurate measurements 
made of their position. 

The early after-histories of these cases have been reported by Shortt, Sinton 
and Swaminath (1935). The monkey died of pneumonia about G months after 
inocidation, having shown no signs of leishmania infection. Neither the Indian 
nor the European showed any lesions at the end of the same period. 

The period of observation was continued, but although the Indian showed no 
signs of infection up to the end of 20 months the European did. 

Careful examination of the site of inoculation in the latter case revealed nothin" 
abnormal after 12 months, but 10 days later a very minute reddish spot was noticedt 


* The author wishes to thank the Royal Society and the School of Hygiene and Tropical Medicine 
London, for grants which have enabled him to continue research work. ^ meaicme, 
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wliicli was at first tliouglit to be duo to an insect bite. As it had not disappeared 
7 days later, its surface was gently scarified and a small drop of serum expressed. 
This was found to contain innumerable Leisliman-Donovan bodies, and a culture 
was made successfully on N.N.'N. medium. 

The le.sion at this time was a slightl)’^ raised, pinkish point about 1 nmi. in 
diameter with a lighter pink areola. The .surface was unbroken, and the spot v,-ould 
have attracted little attention but for its persistence and the fact that its position 
coincided so exactly with the point of inoculation. 

The later growth of' the lesion was very .slow. At the end of 6 months, its 
appearance was that of a small, flattened hemispherical, intra cutaneous nodule, 
about 4 mm. in diameter and projecting above the surrounding skin. It was 
freely movable on the subcutaneous tissue and resembled a small keloid gro\\tli. 
The overlying skin was smooth with a light reddish-purple appearance. Occa- 
sionally a few dr)' whitish scales were present on its surface, usually after it had 
been scarified to obtain infected material. 

It reached its maximum size at about 12 months after its original appearance. 
At this time its colour was slightly more purplish, its superficial diameter about 
5 mm., its consistency more solid on palpation, and its surface more raised and 
covered with a few yellow ish-n bite scales, but no ulceration was present. 

At about 10 months, a small nodule about 2 mm. in diameter was detected by 
palpation about 20 mm. external to the primary lesion and slightly proximal to it. 
This nodule was attached to the skin and was freely movable on the subcutaneous 
tissue. It never appeared to get any larger nor w'as it detectable^ on surface 
inspection. At no stage of the infection could any enlarged lymphatic glands be 
detected. 

As the result of injury at about the 15th month, a small haemorrhagic bulla 
formed on the .surface of the primary lesion. This burst leaving a small superficial 
ulcer which healed very quickly. This was the only occasion rvhen any ulceration 
occurred. From tliis time ouArards until it disappeared, the lesion did not increase 
in size, but was covered wdth a veiy thin, scaly crust of a yellowish- w'hitc colour. 

Numerous leishmania were detectable both b)'- smears and by culture up to the 
end of about 16 months, but could not be found after about 18 months. ..At this 
time, the lesion began to become less prominent, and at the end of 20 months 
it had healed completely, leaving a very slightl)' depressed, purplish-red scar 
about 4 mm. in diameter, siuroundecl by a slightly redder areola about 2 mni. 
wide. The secondary nodule had disappeared about 2 months earlier. 

The lesion persisted for a total of 20 months and healed spontaneously- At 
no time wms any dressing applied to it, nor was any medical treatment given. 

Certain cases of oriental sore have been reported in which fever Avas recorded 
during the incubation period. It was suggested that this might be due to a general 
infection with the parasite prior to the appearance of local manifestations*. Tw 
patient in the present case had some fever of an ‘ influenzal ’ nature a few months 
after inoculation, but blood cultures made for the detection of leishmania revealed 
no parasites noi did mici oscopical examination of the blood. 


* Kuferenceh to such eases are given b}’ fciintoii ( 1925 ). 
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At tlio e?Kl of about ]'! montbs from tlic appenrancp of the lesion, another 
Innnan volunteer was inoculated from it. After an incubation period of 5 months, 
a small spot appeared at the point of inoculation. This resembled the early primary 
lesion seen in the original volunteer, and showed a fair number of parasites. The 
papule has developed after 4 months into a slightly raised, pinkish, keloid-like 
nodule, about 5 mm. in diameter, with no signs of ulceration but with a few' whitish 
scales on the surface. 

These experiments show that, although canine leishmaniasis appears to be a 
rare disease in India {vide Sinton and Shortt, loc. ciL), yet the cutaneous form of the 
disease is transmissible to man by experimental inoculation. 

Apart from the transmission of the infection, an interesting feature of this ease 
is the very prolonged incubation period of more than 12 months. The incubation 
period in the naturally acquired human disea.se is usually said to be about 3 months, 
or at the outside G to 7 months. Napier and Haider (193G) have, however, 
estimated an incubation period of more than 3 r'cars in a case recently seen by 
them in Calcutta. 

One must wonder, therefore, what happens to the parasites during this long 
period of airparent quiescence. The fact that the lesion in our primarj’ case 
appeared at the exact site of inoculation suggests that the parasites were localized 
there during the interval, and had not multiplied in sufficient numbers, or with 
sufficient virulence, to produce any local lesion detectable on naked-eye examination. 
These results show that, in attempts at the experimental transmission of cutaneous 
leishmaniasis by any suspected insect vector, a very long period of observation is 
necessary before the results can be declared to be negative. 


Summary. 

A European volunteer has been given cutaneous leishmaniasis by the in- 
oculation of infected material obtained from a natural case of this disease, 
occurring in a dog in India. 

, The incubation period of the lesion was over 12 months, and the nodule 
persisted for 20 months. Healing was spontaneous v/ithout any therapeutic 
intervention. 

The infection was transmitted by cutaneous scarification from the first to a 
second European volunteer, in whom the incubation period was only 5 months. 
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STUDIES IN ‘ EFFECTS OF HEAT 


Part I. 


BIOCHEMICAL AND PHYSICAL CHANGES IN TEN CASES 
SUFFEBING FROM ‘ EFFECTS OF HEAT 


BY 

JlAJOR D. N. CHAKRAVARTI, i.m.s., 

AND 

N. TYAGI, I.M.D. 

(From the Brigade Laboratory, Allahabad.) 


[Keceived for publication, Anguet 18, 1937.] 


Introddction. 

This work was undertaken during the hot weather of 19S6 with a view to 
studying the biochemical and physical changes in blood and urine in ‘ effects of 
heat ’ cases and their possible correlation with the clinical conditions of the 
patients. 

Y'ith the consent of the army authorities 19 stations were selected to supply 
the necessary material. In addition some civil hospitals agreed to co-operate. 

Sterile stoppered bottles containing adequate anti-coagulants for blood samples 
and sterile stoppered bottles for serum samples were supplied to all hospitals 
concerned. 

Anti-coagulants used for blood samples were : — 

(i) Potassium oxalate . — In one set of sample bottles this was added in 
quantities to give a concentration of 2-5 mg. of potassium oxalate 
per c.c. of blood, provided 5 c.c. w^re introduced, and 
(m) Ammoniwm cib-aie.— -This was made by Folin’s (1934) technique. Of 
this 0-05 c.c. was added to the other set of sample bottles. 

Solutions of anti-coagulants were made and the appropriate quantities added 
to the bottles. The moisture was evaporated under reduced pressure, leaving a 
film on the inner walls of the bottles. ° 

( 791 ) 
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The hospitals were requested to draw under aseptic conditions 20 c.c. samples 
of l>lood from cases soon after their admission and to introduce 5 c.c. to each of 
the two bottles containing tlie difTerent anti-coagulants. The remaining 10 c.c. of 
blood were to be used in ohtaiin’ng sermn .samples. Three such sets of sainple.s weie 
required to be sent from each patient, the first set on the day of admission, tlie 
second on the following day, and the third during convalescence. For fatal case^ 
it was requested that an additional sample be drawn either ju.st before death by 
veni-p)uncture, or just after death by heart puncture. 

Twentj^-four hom's’ collections of urine from each patient on every alternate 
day w ere also required to be sent in sterile stoppered bottles. An adequate supply 
of formalin jjreservative Avas given and the hospitals were a.sked to add (iO inininis 
for 2f-hours’ collections or two minims for each ounce of urine. 

A further request was made to forward complete case notes, temperature and 
diet charts, and to fill in the special forms jrrovided. These latter included informa- 
tion regarding : — 

] . Details of duty performed h)'^ the patient and clothing used three days 
prior to admission. 

2. Consumption of alcohol. 

3. Histor}’- of previous febrile conditions or any disturbances due to heat. 

4. Behaviour of the j)atient a Aveek prior to the attack, and ajiy other 

relevant information. 

Tbchnical details. 

(1) Biochemical. 

In view of the meagre data available regarding the biochemical changes m 
human cases suffering from the ^ effects of heat ’ it was decided to do as complete 
analyses of blood and urine samples as possible in the hot weather of 1936, and to 
concentrate only on the more significant changes during the subsequent investi- 
gations. 

Table T gives the analytical methods employed. 

(2) Physical. 

The details and methods followed in obtaining the physical data are given 
in Appendix A. 

Discussion. 

The total number of cases investigated by us was only ten. The case incid^ec 
had been unusually low owdng to the earlj'’ onset of the monsoon in 1936. 1 
total numbers of blood and urine samples received were fifteen and foiiitecn 
respectively. In no case was the number of samples required by the in.stnictions 
available. 

Ill \’iew of the anticipated continuance of the work during the next hot weather 
only a prelnmnary discussion is being attempted in this communication. 
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Nitbogenoxjs constituents. 

Table II (A ami B) gives the figures for tbe N.P.N. constituents of blood and 
urine. 

More than one sample of blood was available from only four cases (cases 
2, 7, 8, and 10) ; and of urine from two cases (cases 2 and 7). An increase 
in tbe N.P.N. constituents of blood was found in every case, and as would be 
ejected a diminution coincided with the recovery of the patient. On the other 
hand, case 10 which ended fatally gave the highest N.P.if. figure in our smies. 
Tke second sample of blood froni “th-is patient (CB-j) drawn about half an uour 
before death had 140 mg. of N.P.N. per 100 c.c. of blood. Hall and Wakefield 
(1927) in their experimental study on dogs and Marsh (1930-31) using rabbits liave 
also noted a high blood N.P.N. 

It is well known that in pyrexia cases the rate of destruction of proteip is 
abnormally high, being directly proportional to the temperature of the patient. 
A'^oit (1895) (quoted by Lusk, 1919) explains this increase in protein katabolism as 
being due to a rapid combustion of available glycogen and consequent utilization 
of proteins for energy needs. 


Nitrogen retention. 

In hyperthermia unassociated with obvious renal complications the usual 
finding is an increased excretion of the urinary nitrogenous constituents in an 
attempt to lower the blood N.P.N. to the normal level. In the majority of cases 
in our series a definite tendency towards the retention of these constituents in the 
blood was noted. 

A study of five urine samples (UBo, I — ^V) received fi’om the same case (case 2) 
showed a minimum luinary nitrogen excretion of 1’575 g. in 24 hours in the second 
sample (UBo, II). With the progress of the case towards recovery the total 
nitrogen excretion gradually increased to 7'140 g. in the last sample (UB 2 , Y). 


Eenal insufficiency. 


This tendency towards N.P.N. retention along with the results of examination 
of the catheter-drawm urine sample collected a couple of hours before death in case 
10 suggests the presence of renal insufficiency, at least in severe cases of heat 
stroke. Tbe urine in this case had about 0‘4 per cent of albumin and a variety of 
urinary casts, blood, and acetone. Gauss and Myer (1917) observed numerous 
hyaline and granular casts in the urine of their cases on the second day. Marsh 
(1933) also noted the presence of sugar, acetone, a few hyaline casts, and some 
red cells in the urine of the case reported. Gradwohl and Sohisler (1917) noted a 
similarity between urine and blood chemical reactions both in heat and renal 
insufficiency cases. 


further evidence of the presence of renal insufficiency is available from our 
findings m the three fatal cases of our series (cases 1, 9, and 10). The blood 
calcium figures in these cases were low. The second sample of blood from case 10 
had Lie lowest calcium figure noted by us (6-9 mg. per 100 c.c.). Samples from 
the tw'o local cases (cases 9 and 10) which ended fatally had high inorganic 
phosphate contents as well. Creatinine figures of 4-215 mg. and 2-80 mtZ 
100 c.c. of blood in cases 1 and 10 respectively are also suggestive ' ^ 

J, SIR ‘ 
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The evidence thus available suggests that renal damage may be one of the 
complications in severe cases of heat stroke. 

Table III (A and B) gives the acid and base radicals of blood and urine 
samples. 

Chlorides. 

A good deal of discussion has already centred round the chloride contents of 
blood and urine in ‘ effects of heat ’ cases. Marsh (1933) has recorded a case with 
263 mg. of chlorides as NaCl per 100 c.c. of blood and the urinary chloride absent 
in the 24-hours’ mine, on the first, second, and third days. Our cases showed a 
similar state of affairs. The lowest blood-chloride figure amongst the cases in our 
series was 314 mg. per 100 c.c. of blood, noted in the case of heat exhaustion studied 
by ourselves (case 1). 

Urinary chloride excretion in 24 hours had been low in every case we have 
studied. In some (cases 6, 7, and 8) the low figures were found in spite of the 
excessive quantity of mine passed in 24 hours. In addition the specific gravity 
and total base figures of the samples were low', suggesting a poor concentration of 
solids. A scrutiny of the treatment charts show'ed administration of chlorides as 
salines in cases 3, 6, and 10 only ; others received no saline treatment. Most 
of the patients were allowed fluids ad lib., but owing to there being no administration 
of salts the fluids were not retained by the patients, the depletion of chlorides from 
the plasma having caused a fall in the osmotic pressure of blood (Haldane, 1929). 
This obviously accounts for the excessive quantity of urine with low solids, including 
chlorides ; although Ambard (1920) thinks that the excretion of chlorides through 
the kidneys depends more upon the needs of the organism than upon their 
concentration in the plasma. 

In all the cases of our series with more than one sample of blood or urine, a 
higher value for blood and urinary chlorides was noted in cases ending with recovery. 
Case 2 is particularly interesting, since two blood and five urine samples were 
received from this patient. His second sample of mine (UB 2 , II) showmd a minimum 
chloride excretion of O'lOS g. in 24 hours with a total quantity of 875 c.c. urine. 
As already mentioned the same sample also gave the minimum nitrogen figure. 
A gradual rise in chloride contents w'as noted in subsequent samples. 

Ample evidence is thus available that, despite the low excretion of chlorides in 
the urine, the blood chlorides are also at a low level in ‘ effects of heat ’ cases. 

Normally, blood contains about 500 mg. of chlorides as NaCl per 100 c.c. and the 
tissues contain varying quantities. Salt when ingested passes almost unabsorbed 
through the stomach and small intestines, the absorption being mainly in the colon. 
During the process of digestion chloride ions are excreted into the stomach as 
hydrochloric acid with a potential loss of blood chlorides which persists until re- 
absorption has taken place in the colon (Trusler, 1928). Normally the excretion 
of chlorides per rectum is of a low order, unless the individual is suffering fro® 
diarrhoea or some such disorder which prevents re-absorption of chlorides in the 
colon. 

The natural means of chloride loss from an organism are through the skin as 
sw'eat, the kidneys as urine, and the rectum as ffeces, the last being of minor 
importance. 
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In our series of cases it is regretted that no fsecal-chloride estimations were 
done ; further work in this connection will be taken up during the next summer. It 
may, however, be noted that none of our cases suffered from diarrhoea, hence it is 
unlikely that fecal excretion of chlorides played any important role in producing 
hypochloraimia. Vomiting, another clinical condition to cause chloride loss, was 
not a feature in any of our cases. 

It has already been shown by us as well as by other workers that the urinary 
chloride figure is low in ‘ effects of heat ’ cases, hence the hypochloreemia could 
not have been the result of excessive loss through the kidneys. 

In the absence of data showing the actual chloride excretion through sweat 
in our series, it is difficult to assess how far loss of salt through the skin had been • 
responsible in lowering the blood chlorides. All our cases except case 1 were 
diagnosed ‘ heat stroke a condition in which sweating is not a feature. 

Marsh (1933) made a study of normal persons in Persia month by month from 
March to August and came to the conclusion that at the end of summer the bodily 
stocks of sodium chloride are rather low. A similar series of observations is in 
progress in this Laboratory which will form the subject of a future communication. 
During the summer in the tropics a certain amount of chlorides is lost from the body 
by sweating. Moss (1923-24) found that a man may excrete as much as 2 g. to 
3 g. of chlorides, as NaCl, per hour in sweat during hard labour at temperatures 
of 98°F. to 102°F. The dehydration resulting from sweating is, however, said 
to cause a fall of only 1 to 2 millimoles in plasma-chloride concentration, a figure 
which appears to be rather low to account for the extent of hypochloreemia noted 
by us. 

None of our cases except perhaps two (cases 7 and 8) could be said to have been 
engaged in duties requiring hard physical labour. These two patients as defaulters 
were engaged on fatigue duty prior to the attack. The blood-chloride figures in 
these two cases were, however, by no means the lowest observed by us. 

Only two of our cases (cases 3 and 7) gave a history of suppression of sweating, 
18 and 72 horns before the attack, with blood chlorides of 415 mg. and 360 mg. 
respectively in their first samples of blood. Marsh (1930-31) concluded that the 
critical blood-chloride level to cause depression of sweating lies somewhere between 
436-7 mg. and 600 mg. per 100 c.c. of blood. If this is true the blood-chloride 
level in all other cases of our series, in the absence of any history of suppressed 
sweating, is likely to have been above 436-7 mg. per 100 c.c. at the time of attack. 
The average figure for blood chloride of the first blood samples in our series of 
cases was 372-9 mg. per 100 c.c. It is interesting to note that the maximum 
figure (415 mg.) amongst first blood samples was noted in case 3, one of the two 
cases giving a history of suppressed sweating. The first blood sample of the 
other case (case 7) had 360 mg. of chlorides as NaCl per 100 c.c. of blood, a 
figure also noted in other cases without any history of suppressed sweating. Our 
preliminary findings, therefore, do not seem to be in agreement with Marsh’s 
conclusions. 


None of our cases gave any history of excessive sweating during the neriod 
preceding the attack. Moreover, it appears to us likely that if the hypochlorasmia 
observed had been of some standing, nature would, in all probability, have tried to 
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compensate by increasing the desire for salt intake ratlier tlian leave the individual 
a subject susceptible to heat stroke. There is no evidence available to suggest 
any increased craving for chlorides amongst our cases. 

It is thus possible that sweating and other natural means of chloride loss are 
not solely responsible in causing h}Tpochlorsemia to the extent noted in heat stroke 
cases. None of our cases ending in recovery, from whom more than one sample 
of blood was received, was treated with salines ; although their later samples 
showed increased chloride contents. On the other hand, the second sample of 
blood (CB 3 ) from case 10 , a fatal case, had a lower blood-chloride figure than the 
first sample (CBo) in spite of abundance of chlorides having been administered to 
this patient. 

It appears to us difficult to reconcile these conflicting data unless we find some 
other contributory factor responsible in causing h}"pochlora3mia. 

Donnan’s equilibrium. 

Donnan pointed out that if a colloidal solution such as a sodium salt of congo 
red is enclosed in a parchment bag, the sodium ions diffuse out, whilst the colloidal 
part of the salt does not. His law enunciates that in the presence of an indiffusible 
colloid such as protein on one side of a membrane, the electrolytes difl’use througli 
the membrane until an equilibrium in their distribution on both sides of the 
membrane has been effected. 

A similar phenomenon is observed in the distribution of the two monovalent 
anions Cl' and HCO'.-? in cells and plasma. Wien the system is at eqiulihnuni 
their concentration should thus be ; — 

HCO'.-j (cells) : HCO '3 (plasma) : : Cl' (cells) : Cl' (plasma). 

Any increase in HCO '3 in cells naturally unbalances this equilibrium. To 
restore the balance, diffusion of HCO '3 from the cells into the plasma takes jdac^, 
closely followed by an equivalent chloride diffusion in the opposite direction until 
the equilibrium is restored. 

Normally the concentration of chlorides in the blood cells is only half of 
in the plasma. The interchange, referred to above, w^ould tend to equalize the 
chloride concentration in both the phases causing an increase in the chloride 
content of the cells. The excess of HCO '3 in plasma combines with sodium, 
increasing the NaHC 03 concentration and thus diminishing the acidifying effect- 

The acid-base balance of the organism is thus maintained within narrow limits- 
The chlorides, owing to the cell boundaries in general being pervious to them unc 
since they make up about two-thirds of the anions in the plasma, form a ver' 
important electrolyte in maintaining this equilibrium. 

Lactic acid. 

Muscular exercise or excessive tissue activity increases the production of lactic 
acid in the tissues. During hyperthermia, the metabolism increases and it has 
been shown that for every rise of 1°F. in the internal temperature of the body ® 
basal metabolism increases by 7'2 per cent (Wright, 1931). 
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Hall and Wakefield (he. cil.) as well as Marsh (1930-31) in their studies of 
experimental heat stroke in animals noted high blood lactic acid. In our series a 
similar increase has been found. The second sample of blood (CB3) from case 
10, a local case ending fatally, in which the estimation of lactic acid was done within 
an hour of collection showed 42-48 mg. of lactic acid per 100 c.c. or 4-7 millimoles 
per 1,000 c.c., a figure more than double the normal upper limit of lactic acid in 
the blood. 

The acidffimia resulting from the accumulation of lactic acid in the plasma in 
heat stroke cases should also encourage pulmonary ventilation, a physiological 
means of combating acidfemia, producing a low CO2 tension in blood. Hall and 
Wakefield (loc. cit.) as well as Marsh (1930-31) have noted a low plasma CO2 tension 
in their series of experimental animals. In our next series of cases we hope to 
try to confirm this. 

It is not known w'hether chlorides also can take part in combating lactic-acid 
acidsemia in order to maintain the acid-base balance, in the same way as they do 
in the case of acidsemia due to HCO'.? increase in the cells. If both chlorides and 
lactic-acid ions can permeate tissue cell walls, Donnan’s equilibrium should as a 
consequence result with the transfer of chlorides from the blood to the tissues in 
order to counterbalance the anion increase in blood. 

It has been noted that during starvation and diabetic acidosis the organic 
acids formed replace HCO's and Cl' in the blood. The permeation of lactic-acid 
ions through tissue cells is known to occur, but the evidence regarding chloride 
ions is conflicting. Banus and Katz (1927) found that by perfusing muscles with 
blood containing HCl there was no change in the Cl' content of the perfusate. 
How far such experiments do actually represent the true state of affairs in a living 
organi.sm is open to question. Katz (1896) found the muscle chlorides in a case 
of suicide to be about one-sixth of that in the blood serum. Chlorides are the most 
abundant electrolytes in the blood and they have been found in all the cells and 
fluids of the body ; it is, therefore, unlikely that cell walls are not at all permeable 
to chloride ions. However, no evidence is so far available to show that in hyper- 
thermia cases there is an increase in tissue chlorides. Neither Hall and Wakefield 
(loc. cit.) nor Marsh (1930-31) in their series of experiments estimated the muscle 
chlorides in animals. 

Further, a marked increase in the undetermined anions was noted by us, the 
concentration becoming less with recovery. Mliatever the nature of these 'may 
be. they must play a part in increasing the acideemia. 


Hydrogen ion concentration. 

Hall and Wakefield (he. cit.) as well as Blarsh (1930-31) in their animal 
experiments reported a change in the blood pH to the acid side. 

It is likely that, owing to the excessive presence of organic-acid anions 

is present. Studies in this connection are in 

pi ogress here. 

It is well known that the stability of proteins as colloids is denendent on thp 
electee ekarge cemed by tke molecuta. Any shift of tk, • ch^rtt” r* tte 
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iso-electric point clianges its properties so mncli tliat at tlie iso-electric point (atout 
pH 5‘0) they are precipitated easil 3 ^ If a shift in the pH of blood towards the iso- 
electric point occurs in human cases suffering from the ‘ effects of heat a change 
in the cellidar wall proteins appears to be possible. This, along with the effect 
of hyperthermic blood, may alter the normal properties of the cell walls. 

Peters et al. (1926) have shown that venous stasis lowers the plasma-chloride 
concentration owing to the passage of chlorides to the tissues. During hyper- 
thermia a dilatation of the capillaries is present, wdiich augmented by the increased 
viscosity of blood as noted by us (see Table IV) would tend to produce a relative 
venous stasis. 

The suggested change in the properties of the cell walls, coupled with the 
effects of venous stasis, may upset the normal conditions and increase the permeation 
of the chloride ions through the tissue cells. 

It is thus Idcely that a contributory factor to hy^ochlorsemia in heat stroke 
cases is the increased concentration of lactic-acid and other anions, which upset 
the acid-base balance of the organism. The chlorides being the most abundant 
anions in the normal plasma -would naturally be the first to be affected and their 
shift from plasma to tissues is likely to occur, resulting in hypochlorasmia, in order 
to establish the ‘ Donnan’s equilibrium ’ and thus maintain the acid-base balance 
of the organism. 

A study of Table III (A) -u’-ould show that an inverse relationship between 
blood-chloride and lactic-acid figures is indicated in cases where more -than one 
sample was analysed, lending support to the view" that elimination of organic anions 
tends to restore the chlorides to the normal level. 

Table III (A and B) further shows that there is a tendency to the retention 
of total bases in the blood as evidenced by the figures for blood and urine samples. 
These were generally high in blood and low in urine. In view of the_ accumulation 
of anions in the blood it is not surprising that the bases were retained in an attempt 
to maintain the acid-base balance. 


Blood sugar. 

Marsh (1933) has reported an increase in blood sugar in his heat stroke case. 
In our series blood sugars were estimated only in the local samples, CBi, CBs, ^.ud 
CBs; the figures were 135-5 mg. and 297-4 mg. per 100 c.c. of blood respectively 
in the first two samples ; CB 3 , the second sample of blood from case 10, wMc 
was drawn about half-an-hour before death, showed only a trace of sugar. Our 
figures, therefore, support Marsh’s findings. The reason for the marked diminution 
of blood sugar in CB 3 is not quite understood, unless it was due to an increase 
demand by the organism for readily combustible material as a result of hyperthermia 
and the excessive muscular spasms from which the patient suffered during t e 
last few hours. 


Physical properties. 

Table IV gives sorne of the physical properties of citrated blood samples, viz., 
specific gra-vuty, viscosity", electrical conductivity, and surface tension. : 
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In view of (.lie small number of samples thus anah’^sed a detailed discussion 
of the pliysical properties in ‘ effects of heat ’ eases and their correlation with severity 
of attack and biochemical changes is not possible at this stage of the work. 

From the preliminary observations, however, it is seen that the viscosity and 
specific gravity^ of the blood are generally higher in severe cases ; cases 3, 4, 
5, 7. 8, and 10 showing high viscosity figures had one or more signs or symptoms 
indicating the severity of the disease, e.g., cyanosis, extreme restlessness, loss of 
consciousness, suppression of sweat, cramps, etc. (see Appendix B). There is 
also an indication of a general lowering of the surface tension of the blood in 
such cases. 

It appears, therefore, that owing to the loss of moisture, protein and possibly 
lipoid substances in the blood were appreciably’- increased causing a rise in viscosity 
and density with lowering of the surface tension. This conclusion is generally 
supported by estimations of total proteins and cholesterol in sera (see Table IV). 
Samples B5, Bo, Bg, and B12 all had high viscosities, low surface tensions, and 
raised protein contents, and sample Bo a high cholesterol figure as well. No serum 
was available from sample Bg which had rather a high viscosity figure so that no 
protein or cholesterol estimations were possible. It is, however, interesting to 
note that this patient suffered from suppression of sweating 18 hours before 
admission to hospital ; the high viscosity figure was not, therefore, unexpected. 

It is further regretted that no physical measurements were possible in the 
case of Bg, the first sample of blood from case 7, another patient who gave a 
history of suppression of sweating for three days. The second sample, Bg, from 
this patient showed high viscosity and low surface tension. It may be mentioned 
here that considerable difficulty was experienced in precipitating the proteins from 
the blood sample Bg by the usual Folin’s phosphotungstate method and a double 
strength had to be used to get a clear filtrate. We consider that this sample would 
have supported our conclusions if physical measurements had been possible. 

Regarding the specific conductivity, an inverse relationship with the severity 
of the disease is apparent in case 10, a fatal case, which had a rather poor specific 
conductivity. 

Further work on the y^hysical properties is in progress, and a detailed discussion 
on these will be attempted at a later date. 


Clinical data. 


A short summary of the case notes received from hospitals is included as 
Appendix B of this communication. 


In 50 per cent of the cases (cases 1, 2, 7, 9, and 10) reflexes had been absent 
during the period of attack. WUlcox (1930-31) considered the disappearance of 
Imee jerks as a significant sign m ‘ effects of heat ’ cases and noted that in severe 
cases Its return was delayed for several weeks. Three cases of our series (cases 1 
9, and 10) which showed absence of reflexes ended fatally. IVillcox doe cit \ 
'a creatinine and indican. Creatinine flgures 'have 

detectldl’'''''' ""'le samples was the presencf of indican 
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Certain diseases, such as tj’phus, sandfl)’’ fever, malaria, focal sepsis, etc., are 
said to upset tlie organism’s capacity for maintaining the thermal equilibrium with 
the result that they arc more liable to the ‘ effects of heat In our series, case 2 
was diagnosed staphylococcal septicremia from a bad tooth — heat stroke super- 
vening ; case 7 had an attack of sandfly fever about 10 days before the onset 
of ‘ effects of heat ’ and case 9 had a benign tertian malarial infection preceding 
the heat stroke attack. 


In almost all our cases mental irritability was an important feature. Cramps 
and spasmodic contractions of muscles were noted only in three cases, the most 
marked being in case 10, which not only had a very low blood-chloride figure, but 
showed definite signs of kidney damage. 


Recently Kuo ei al. (1935) have experimented on human volunteers to deter- 
mine the relationship between the suppression of sweat and the developmpt of 
heat stroke. They found that the onset of stupor produced sudden suppression of 
sweating. Our case notes show that the suppression of sweating was accompamed 
by sucli symptoms as mental dullnes.s, extreme restle,ssne.ss, stuporose condition, 
and unconsciousness. 


These authors concluded from their experiments that suppression of sweating 
did not play any aetiological role in the production of heat stroke but was sunplv 
an accompaniment in severe cases. Their conclusion is not understood in view oi 
the fact that with a rise in temperature of the surrounding air to about blood heat, 
conduction and radiation, the two efficient means of heat loss in temperate climates, 
become more or less inactive, the only effective factor under such circumstances 
being evaporation of sweat (Marsh, 1930-31). 

Whatever may be their findings in experimental heat stroke, it certainly does 
not seem to hold good in the case of actual patients. In our series, cases 
and 7 suffered from suppression of sweating for 18 to 72 hours prior to'the develop- 
ment of hyperp}wexia. We have no doubt that this was a contributory factor m 
causing heat stroke in these cases. A break-down in adaptive equilibrium 
between body and environment should have resulted from suppression of sweating, 
the important means of heat loss in the tropics ; and as Lee (1935) has pointec 
out, one of the results of such a break-down among others is hyperpyrexia. 


Meteorologicai., conditions. 

Charts show-ing the weekly meteorological conditions in Allahabad, Jhansi, 
Lahore, Multan, and Sialkot, the stations furnishing ' effects of heat ’ cases, are 
• incorporated as Appendix C. Meteorological data for Ferozepur, another station 
with one case, are not available. 

As has already been mentioned the evaporation of sw^eat is the most efficient 
means of heat loss in the tropics, particularly after the temperature has exceeds 
the blood-heat level. It is needless to add that, with a high atmospheric tempera- 
ture, high humidity and low wind velocity, the conditions are most unsuitable lOi 
physiological adaptation by the human organism. A break-down of equilibrium 
between the body and environment should be a natural corollary under sucli 
circumstances. 
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Taylor (1919) iu l\is extensive study on meteorological conditions in heat stroke 
has shown that the maximum number of cases occurred when the combined figures 
of wet and dry bulb readings reached the highest level. He concluded that the 
minimum level for the occurrence of heat stroke amongst his cases was a dry bulb 
temperature of 110“F. with a wet bulb reading of 85°F. or over. There was a 
greater lilrelihood of the occurrence of heat stroke in men with no previous 
experience of the tropics. 

In our series out of a total number of 8 British cases (cases 1 to 8) 25 per cent 
had not experienced any tropical summer before and 25 per cent were in India 
for the second summer. The remainder, apart from one man (case 2) who was 
probably born in India and had put in the whole period of his service in India, had 
been in the tropics for from 21- to 5 years. 

Of the two cases that occurred at Lahore, the original station of one (case 5) 
was Multan, another hot station in the Punjab. A study of the meteorological 
conditions at Multan for the week before his attack (17th to 24th July, 1936) shows 
a steady rise in temperature with a wet bulb reading of about 85°F., a humidity 
of 80 per cent or over, and a rather low wind velocity. This case must have reached 
the verge of adaptive equilibrium at Multan. Even at Lahore on the day of his 
arrival (25th July, 1936) fairly high temperature and humidity figures with a low 
wind velocity are apparent from the chart. 

The second case at Lahore occurred under conditions similar to the above. 
He was a cook. With a high humidity of about 100 per cent during a period of 
over three weeks prior to admission and with other contributor}’- factors it is not 
surprising that a break-down occurred in this case. 


The case from Multan proper was at a time when the temperature was steadily 
rising and had crossed the 110°F. limit with a wet bulb reading of 82°F. to 84 °F. 
during the previous week, although the humidity was falling appreciably. It is, 
however, interesting to note that the wind velocity suddenly started to diminish 
from 5 miles per hour during the previous week to 3 miles per hour. It appears 
to us likely that the sudden fall iu wind velocity may have been the precipitating 
factor, other conditions being already against the man. 


There were three cases from Sialkot ; the first case on 28th May, 1936, was 
one of heat exhaustion. The second case occurred during the last week of July in a 
person who had been in the tropics for only four months. It would appear from the 
graphs that for three weeks continuously, till about 12 days prior to the attack 
the humidity was 100 per cent. On the day of attack the humidity was 88 per 
cent. This with a temperature just above the blood heat, coupled with 4 hours 
of exposure a day while doing fatigue duty as a defaulter, in a man who had not 
had time enough to adequately adapt himself to tropical conditions during a period 
of 4 months, would m our opinion be enough to upset the equihbrium, particularly 
in view of his having suffered from sandfly fever about ten days before.^ The third 
case at Sialkot was a man who had 2| years m India to adapt himself. The weather 
conditions then prevalent do not appear to have been too severe. Perhaps his 

of Idth" Wiilt expomvB on the afternoon 
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As regards the case from J]iansi tlic qiiosi.ion of adaptation does not arise since 
liis wliole service of 28 years liad been spent in India. None of the conditions 
discussed al)ovc seems to explain fully the incidence of this case. He suffered from 
a focal sepsis and developed hyperpyrexia while in hospital. It is likely that the 
septic condition was the exciting factor in this case. 

The solitary case at Ferozepur, for which no meteorological data are available, 
was a man with only four months’ residence in India and it is probable that his 
failure of adaptation to the tropical conditions was responsible for exciting the 
attack. 

The two cases at Allahabad were Indians, and discu.ssion on them at 
this stage is not attempted. 


Summary. 

1. The biochemical findings and physical conditions in ten persons suffering 
from ‘ effects of heat ’ have been studied. 

2. A tendency towards retention of nitrogenous constituents in the blood 
has been observed. This along with the increased blood creatinine and inorgamc 
phosphates, and low blood calcium figures suggests the possibility of kidney 
insufficiency in severe cases of heat stroke. 

The presence of albumin, casts, ete., in the urine of such cases supports the 
suggestion. 

3. The low chloride findings in blood and urine reported by previous workers 
have been confirmed. 

4. An increase in blood-lactic acid and other anions has been observed. 

5. It is suggested that a possible contributory factor to hypochlorsenna m 
heat-stroke cases is the high anion concentration in blood, in the light of the 
‘ Donnan equilibrium ’. 

6. A preliminary discussion on the pln'sical states of the blood and the clinical 
condition in ‘ effects of heat ’ cases is given. 

7. A short study has been made of meteorological conditions and their 
correlation with the occurrence of cases. 
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Andlylical methods owploycd in biochemiccil estimations. 



Calcium. 

Cholesterol. 

Protein. 


Beaumont and Dodds (1934). 

I 

i 

Myers and Warded (1918). 

Wu and Ling’s colorimetric 
method modified by Green- 
berg (1929). 


Total nitrogen, urea, uric acid, Polin (1934). 
creatinine, ammonia, sul- 
phates, chlorides, total bases, 
calcium, magnesium, and 
potassium. 


Inorganic phosphates. 


Briggs (1922). 
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Tablk II-A. 


Nilrogenoiis constituents in blood. 



Urev. 





70-125 

32'68 


78-75 

36-70 


97-39 

45-38 


62-41 

29-08 


119-3 

55-62 


89-25 

41-59 


I 

I Uric ACID. 

I 


Creatinine. 


Amino acid 

AND UNDETER- 
MINED 
NITROGEN. 


Total 

NON-PEOTEIN 

NITROGEN. 
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80 



29-8-36 



CB, 

21-5-36 


112-9 5-80 

52-61 1-93 


) 61-617 124-2 



32-051 I 


CB„ 

29-5^36 


CB, 

30-5-36 


) 97-254 


N.B. Tile figures in the table correspond to the order in the bpnrlitirt<= *1, 

columns. < N ’ = nitrogen. headings of the respective 
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Table II-B. 

Nitrogenous constituents in urine. 


Case 

number. 

Index number. 
Date of 
collection 
of sample. 
Total 

quantity in 

24 hours 
in c.c. 

Ukea. 

Ueio aoid. 

Ceeatintne. 

Ammonia. 

Amino acid 

AND 

UNDETERMINED 

NITEOQEN. 

Tot.il 

NITBOGEN. 

Mg. per 
100 c.c. 

‘N’, 
mg. per 
100 c.c. 
Total urea 
excretion in 
24 hours 
in g. 

Jig. per 
100 c.c. 
‘N’, 
mg. per 
100 c.c. 
Total uric 
acid excre- 
tion in 

24 hours 
in g. 

Mg. per 
100 c.c. 

N 

mg. per 
100 c.c. 
Total 
creatiujine 
excretion m 
24 hours 
in g. 

Mg. per 
100 c.c. 
.‘N’, 
mg. per 
100 c.c. 
Total 
ammonia 
excretion in 
24 hours 
in g. 

‘N’, 
mg. per 

100 c.c. 
Total 

excretion in 
24 hours 
in g. 

‘N’, 
mg. per 
100 c.c. 
Total 

excretion in 
24 hours 
in g. 

1 

•• 

•• 

No urine samples. 



2 ^ 

UBJ 

16/17-6-36 

850 

444-0 

206-9 

3-774 

29-2 

9-7 

0-248 

Trace 


103-15 

0-877 

445-5 

3-787 

UBoTI 

18/19-6-36 

87.5 

303-0 

141-3 

2-651 

8-16 

2-72 

0-071 




180-0 

1-575 

UB„UI 

21/22^6-36 

900 

263-6 

122-84 

2-372 

17-65 

5-88 

0-159 

^Trace 

143-87 

118-40 

1-295 

86-13 

0-775 

33.3-25 

2-099 

1 

UBJV 

24/2.5-6-36 

825 

179-9 

83-93 

1-484 

29-29 

9-76 

0-242 

Trace 

425-9 

350-51 

3-514 

55-80 

0-460 


UB,V 

10/11-7-36 

850 

354-2 

165-06 

3-010 

42-84 

14-28 

0-364 

95-2 

35-22 

0-809 

418-7 

344-59 

3-558 

280-85 

2-387 

S40-0 

7-140 

= 1 

UBJ 

18/19-6-30 
' 835 

953-0 

444-10 

8-148 

34-087 

1 1-362 
0-291 

Trace 

115-0 

95-14 

0-988 

102-898 

0-880 

653-5 

5-587 
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1 

1 

1 

i 

1 


" 

Ur^ia. 

Ukic acid. I 

Gbeatikine. 

Asimonia. 

( 

Amino acid 

AND 

DNDETEHMINED 

NITROGEN. 

Total 

■RITKOOEN. 

Index number. 
Date ol 
collection 
of samide 
Total 1 

quantity in 

24 hours ; 
in c.c. 

Mg. per 

100 c.c. 

‘N’, 
mg. per 

100 c.c. 
Total urea 
excretion in 
24 hours 
in g. 

Mg. per 
100 c.c. 

'K', 
mg. per 
100 c.c. 
Total uric 
acid excre- 
tion in 

24 hours 
in g. 

Mg. per 
100 c.c. 

‘ N 

mg. per 
100 c.c. 
Total 
creatinine 

I excretion in 
24 hours 
in g. 

Mg. per 
100 c.c. 

‘N’, 
mg. per 
100 c.c. 
Total 
ammonia 
excretion in 
24 hours 
in g. 

‘N’, 
mg. per 

100 c.c. 
Total 

excretion in 
24 hours 
in g. 

‘ N - 
mg. per 
100 c.c. 
Total 

excretion in 
24 hours 
in g. 

1 

1 

W 1 

24/25-7-36 
1,600 

970-95 1 

452-47 , 

14-564 

42-34 

14-11 

0-635 

j 

84-0 

31-08 

1-260 

1 

86-2 

31-89 

1-104 

290-1 

1 238-76 

1 4-352 

197-69 

2-964 

934-00 

14-01 

UB,I ' 

25/26-7-36 
j 1,280 

1 

502-7 

234-26 

6-435 

44-44 

14-81 

0-569 

1 

176-6 

145-34 

2-260 

314-30 i 
4-043 

740-60 

9-480 

UB,I 

6/6-8-36 

5,020 

369-67 

172-27 

18-557 

17-64 

5-88 

0-885 

16-40 

6-09 

0-826 

26-98 

22-20 

1-354 

1 

61-86 

2-603 

268-00 

12-951 

UB,I 

4/5-8-36 

3,185 

287-58 

134-01 

9-159 

3-128 ! 
1-042 
0-100 

i 

20-4 ^ 

7-55 
0-650 

159-67 

131-41 

5-087 

67-738 
i 1-839 

I 

[- — 

331-75 

10-566 

UBJI 

8/9-8-36 

2,010 

279-0 

130-01 

5-608 

27-02 : 

9-00 ! 

0-543 

__ 

.53-45 

19-78 

1-074 

379-34 

312-20 

7-625 

1 


624-60 

10-543 

DBJII 

15/16-9-36 

3,010 

214-71 

100-05 

6-463 

17-64 

5-88 

0-531 

50-65 

18-74 

1-524 

52-57 

43-26 

1-.582 

138-07 

4-156 

306-00 

9-210 
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Table II-B— concM. 


Case 

number. 

Index number. 
Date of 
collection 
of sample. 
Total 

quantity in 

24 hours 
in c.c. 

! 

UnEA. 

Uric aoid. 

Creatinine. 

Ajimonta. 

Amino aoid 

AND 

undetermined 

NITROOEN. 

Tom 

SITE0CE5. 

1 

hlg. per 
100 c.c. 

‘N’, 
mg. per 

100 c.c. 
Total urea 
excretion in 
24 hours 
in g. 

hig. per 
100 c.c. 

‘N’, 
mg. per 
100 c.c. 
Total uric 
acid excre- 
tion in 

24 hours 
ing- 

hig. per 
100 c.c. 

‘N’, 
mg. per 
100 c.c. 
Total 
creatinine 
excretion in 
24 hours 
ing. 

1 hlg. per 

1 100 c.c. 

! ‘N’, 

mg. per 
100 c.c. 

Total 
ammonia 
excretion in | 
24 hours 

in g- 

‘N’, 
mg. per 

100 c.c. 
Total 

excretion in 
24 hours 
in g. 

i 

1 

i ‘N’, 

1 mg. per 

100 c.c. 
Total 

excretion in 
24 hours 
ing. 

{ 

28/29-8-3G 

3,n00 

414-64 
193-22 
14-.512 ! 

14-8 

4-9 

0-518 

1 

93-0 i 

34-41 
3-2.5.5 

95-8 

78-84 

3-353 

1 

12-33 

0-432 

323-7 

11-329 

9 

1 

1 

No urine samples. 

i 

1 



.« 1 

UCBJ 

30-5-36 

722-14 i 
336-51 

1 

1 

23-24 

7-74 

109-9 

40-66 

121-4 

99-91 

219-18 

704 


* A catheter specimen, onlj' 80 c.c. dra^^•n. Had 0-389 per cent albumin, casts, blood, etc. 

N.B . — The figures in the tables correspond to the order in the headings of the respective columns. 
‘ N ’ = nitrogen. 







Table II I- A. 

Acid and base radicals in blood. 



400-0 24-76 7-0660 31-8 .. .. 11-2 180-0 3 - 89 * 235-36 

27 - 6-36 •• 7-9 70-660 

68-3 14-22 17-17 3-5 64-08 167-27 6-6 46-16 3-19 102-33 



Table III-A — concld. 


Cations. 

Sodium and 
other 
undeter- 
mined 
cations 
(calculated). 

Mg. per 

100 c.c. 
JIE. of 
blood. 

1 

i 

! • I 

CO 

cp 0 
^ ! (fi 

JO l-H 

Ol fH 

304-13 

132-23 

rH N 

ip 0 

Ci 

0 CO 
cc H 

jMagnesium 

(normal 

figures). 

S c 

ME. of 
blood. 

: : ; 

0 

0 • 05 

M ■ Cl 

3-6 

2-90 

3-6 

2*96 

Potassium. 

U • U 

a 0 

d 

lUJL. 01 

blood. 

1 

132-3 

33-9 

rJH 

cc CO 

cb . 

. CC 

rH 

124-0 

31-79 

CO 

CO 9 
^ .0 

»H \C\ 
iH 

i 

Calcium. 

U • (4 

0 u 

0 

m 2 t 

3 

. 0 

-i 

No serum 

11-43 

5-72 

12-63 

6-32 

05 0 

t- O) 

fH 

rH 

1 


Total 

bases. 

ME. of 

blood. 

178-2R 

1 ! cb 

I 

1-- 

CO 

: 

rH 

cn 

o 

M 

i 

Undeter- 

mined 

radicals 

including 

sulphates. 

ME. of 
blood. 

1 

1 

1 

: : : 

50-99 

oc 

CO 

I ! *0 

CO 

ip 

! 

• 

Lactic 

acid. 

Mg. per 
100 c.c. 

ME. of 
blood. 



■ 

fH 9 

lb 

cc 

Proteins in 
serum. 

Total per 

100 c.c. of 
serum in g. 

Total per 
1,000 c.c. of 
.serum in <t. — P. 

Base combining 
power. ME. 
of serum. 

(B protein 
= 0-24.3 y P.) 

No serum 

.1 

8-7207 

87-207 

21-19 

7-8126 

1 78-126 

18-98 

6-2890 

62-890 

16-28 

1 

1 

1 

Phosphates. 

As inorganic, 

‘ P ’ mg. per 
100 c.c. 

ME. of blood. 
[ME.=mMx 1-8] 

(M 

0 0 00 

0 05 

(M l-H 

24-6 

7-9 

14-22 

(N 

tp Cp Cp 

05 CD ^ 
rH rH 

tJ* ^ 

ocb'^ 

i 

1 

Chlorides. 
As NaCl, 
mg. per 
100 c.c. 

ME. ot 
blood. 

0 05 

W5 . 0 

0 05 

0 . 

00 , CO 

CO 

0 

^ :co 
cc 

0 9 

6 .S 

00 . ^ 
m 

Index 

mimber. 

Date of 
collection. 

CO 

-7 

PPco 

1 

05 

pH 

25-7-36 

CO 

cc 
^ 1 

0 

(M 

CO 

cc 

Wco 

li 

1 uoqtnnn 0 SC 3 | 

cc 


10 

CO 























Table III-B. 

Acid and base radicals in urine. 
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APPENDIX A. 


Details oe technique followed for the physical measurements. 

Physical data of blood samples were obtained from citrated blood. 

1. EJeclricai condriclivily . — It is well known, that the electrical conductivity 
of a solution depends on the presence of the ions obtained from the electrolytes in 
solution. A careful investigation of the physical properties, therefore, gives an 
insight as to the increase or decrease of sucli conducting substances in blood. 
The method adopted for the determination of electrical conductivity was the 
IMieatstone bridge with the introduction of an alternating current from a toy 
induction coil in place of direct current from a battery. A telephone was used to 
find the null point. 



The blood was placed in a small conductivity cell and its resisfan/'P 
two plates of platinum coated with platinum-black was noted tS cS-conS 
was obtained by using a standard solution of KOI an ehofrnl Jf j r^ ^ 


{ sir ) 
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2. Viscosily. — The importance of this physical property for colloidal systems 
has been known from the time of Graham (1864). The variations in viscosity of 
protein solutions at different hydrogen ion concentrations have been observed by 
Loeb (1922) and other investigators in colloid chemistry. 

For viscosity measurements a micro viscosimeter of Ostw aid’s t}^e was used 
throughout (Text-fig. 1) and the time of flow' of 2 c.c. citrated blood wms noted by 
a stop-w'atch ; the average of three readings was finally recorded. Measurements 
were taken at room temperature. 

The time of flow of 2 c.c. w'ater at the same temperature w'as also recorded 
and viscosity of the samples of blood w as calculated by applying the formula : — 

Ilg fcg dg 

tl\V dw 

where Ug, tg^ and dg are viscosit}', time of flow and density' respectively' of the 
sample of blood and n^^ t^v^ and d^ those of water at the same temperature. The 
figures for the viscosity of w'ater were taken from Landolt’s (1923) tables. From 
the specific viscosities "thus obtained relative viscosities were w'orked out by taking 
that of the water, at that particular temperatme, as unity. 

The usual precautions were adopted of washing the viscosimeter and carefully 
drying by passing w'arm air tlirough prior to use. 

3. Surface tension. — The presence of protein colloids or other hio-colloids 
in a sy'stem alters considerably' the surface tension of the dispersing medium. It 
has, however, been noted that with such colloids different surface tension values 
are obtained according to the rate at which the drops are allow'ed to form. Traubc s 
stalagmometer, therefore, has been used for the determination of the surface 
tension with the following modifications : — 

A special stalagmometer pipette suitable for both 1 c.c. and 2 c.c. of blood w'as 
used. Measurements were taken at atmospheric pressure, at w'ater pressures oi 
minus 40 and minus 60 mm. For this purpose the apparatus was fitted up as m 
Text-fig. 2. The stalagmometer w'as encased in a w'ide-moirthed cylinder in order 
to prevent the influence of air currents on the drops. A three-way' stop-cock was 
fixed to the upper end of the stalagmometer pipette which could be manipulated 
in such a w'ay that the pipette could be connected at will either to the atmospheric 
pressure or to low'er pressures in bottle ‘ A the manometer indicating the actual 
pressure. Bottle ‘ B ’ w'as filled Avith water and connected at one end to the 
aspirator. Aspiration of w'ater from bottle ‘ B ’ gave a negative pressure in the 
system. By careful manipulation maintenance of w'ater pressure of minus 40 mm. 
or minus 60 mm. w'as readily obtained. 

The stalagmometer w'as filled to mark ‘ a ’ with blood and the number of drops 
formed at atmospheric pressure in 2 c.c. of blood in the course of a fall in level from 
‘ a ’ to b wfts counted *and the time taken for this was measured by a stop-watch* 
One c.c. measurements w ere taken by tlie fall in level from ‘ c ’ to ‘ d ’. The blood 
dro])s were collected in a small flat-bottomed tube ‘ e ’ and sucked again into the 
stalagmometer pipette for the next series of measurements at pressures of minus 
40 mm. and minus 60 mm. 
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Simiiar measurements were taken for water with the same stalagmometer 
pipette as was used for blood samples, and tlie number of drops for 2 c.c. and 1 c.c. 
quantities at 28°C. at various pressures was noted. From these values temperature 
corrections for the number of water-drops at the temperatures of blood samples 
were calculated by the formula : — 


where ri. Ui, and pi are surface tension, number of drops, and density of water at 
28°C. ; and r;), ns, and pa arc those at the required temperature. 



Fipircs for surface tension and density of water were olitained bj’-* interpolatina 
the data available m Landolt’s {he. eit.) tables. ^ uacipoiaung 

Thus, knowing the number of drops that 2 c c nnrl 1 „ n • 

at the temperatures of the blood samples, the surface tensions of blood\t ®bhe 


820 


Studies in ‘ Effects of Heat \ 


atmospheric, minus 40 and minus 60 mm., pressures respectively were finally 
calculated by adopting the following formula : — 

n„. PI, 

ru = 

“ Ub P«- 

where r^^^ n^,.^ and p^^. are surface tension, number of drops, and density of 
water, and rj,^ nj,^ and pi, those of the blood samples at the same temperature. 

All data except rj, being known it was an easy matter to arrive at the surface 
tension figures in Dyme/cm. (see Table IV). 

It is known that the number of drops formed out of the same quantity of a 
fluid in a stalagmometer is inversely proportional to the surface tension and the 
effective atmospheric pressure. A similar state of affairs was found in our senes 
of observations ; the same samirle of blood gave a larger number of drops and 
consequently lower surface tension figures with readings at minus 40 mm. and 
minus 60 mm. as compared with the result at atmospheric pressures (see Table II ). 

The usefulness of surface tension data at different pressures will form the 
subject of a separate study at a later date. 

4. Density . — In the course of the determination of viscosity and surface 
tension it has been necessary to determine the density of blood. Density bottles, 
2 c.c. or 4 c.c., were used to obtain relative density figures. These results are also 
recorded (see Table IV). 



APPENDIX B. 


Summary of case notes. 

Case 1. — C. B., aged 21 years, total service 3 years, service in India 1 year 
and 2 months, station Sialkot. 

4 fatal case of heat exhaustion. Maximum temperature recorded 105-6°F. 
Had 13^- hours’ pjT-exia. Originally admitted five days before attack with vague 
epicrastr'ic pain, nausea, and constipation. Special signs and symptoms during 
attack were abdominal discomfort, nausea, mental dullness, lack of sweating, 
absence of knee jerks, weak ankle jerks and abdominal reflex, eye reflexes normal. 
The patient suffered from auricular fibrillation just before death. 

For three days prior to admission he was exposed to the sun for about hours 
daily. Dress— sliirt, slacks, and topee. Had dysentery in April 1936. An 
abstainer, regimentally employed as a transport driver. 

Case 2.— D. F., aged 47, total service in India 28 years, station Jhansi. 

A case diagnosed as ‘ staphylococcal septicaimia from a bad tooth, with heat 
stroke superimposed ’. 

The heat-stroke attack ocemred 10 days after his admission for backache, 
frequency of micturition and irregular temperature. Maximum temperature 
recorded was ] 06°F. During the period prior to the attack he suffered from irregular 
temperature with a maximum of 103 A^F. Total duration of pyrexia before, during, 
and after the attack was 37 days, followed by slow recovery. 

Special signs and symptoms noted were cerebral irritation with irregular 
pupils and sluggish eye reflexes, absence ot knee and ankle jerks, and pain in the 
lumbar region. 

Laboratory tests for enteric group negative throughout. Agglutination only 
present against OXK in 1/50. Apart from the presence of leucocytosis to 9,000 
per c.mm. no cytological abnormalities were noted ; no malarial parasites detected. 
W. E. of blood and C.S.F. negative. Urea concentration test normal. Urine showed 
presence of pus and epithelial cells on many occasions. Blood pressure on the 
day following the attack was 100/80 and 8 days later was 90/70. 

An abstainer, employed mostly in office work with an average of about 2 hours 
a day outdoor duties. Dress— shorts, shirt and topee. 

Case 3. — S. J., aged 27, total service 3 years, service in India 1 year and 
5 months, station Multan. 


A case of heat stroke ending m complete and uncomplicated rapid recovery 
Maximum temperature recorded 106-2'’F. Duration of pyrexia 4 days. Blood 
smear negative for malaria parasites. 

1 t symptoms noted during the attack were extreme restlessness with 

hot, dry, ^d cyanosed skin. Eighteen hours prior to the attack suffered from 
sw?atiig. headache, vertigo, restlessness, constipation, and suppressed 

An abstainer and an athlete ; was doing range firing 3 hours a dav fnr ^ /lo-tro 
poor to tie attack. Dtcst-slorte, sikt. torts, ?rttL. and tZo ^ ^ 

( 821 ) 
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Case 4. — N. A., aged 30, total service 5 years, service iu India 3 years, station 
Laliore. 

A case of lieat-hyperp}Texia ending in rapid recovery. Maximum temperature 
recorded 108'2°F. (rectal). Duration of p}Texia 3 days. 

Special signs and symptoms noted were semiconsciousness at the time of 
admission with a rectal temperature of ]07'1°F., dilated pupils, cyanosed, and 
stertorous breatliing. 

Employed approximately 12 hours daily in cook-house. An abstainer and a 
man of good physique. 

Case 5. — B. W., aged 3G, total service 21 years, service in India 5 years, 
station Lahore. 

A case of heat stroke ending in recovery . Original station Multan, was attacked 
while in train on w^ay to hills and evacuated at Lahore. Maximum temperature 
recorded 105 A^F., duration of pyrexia 8 days. Blood smear negative for malaria 
parasites. 

No special signs and symptoms noted except dry skin. 

Usually consumed 6 bottles of beer a da)*^ but on the day of attack had only 

one. 

Case 6. — T. T., aged 23 y^’ears, total service 1 year and 8 months, service in 
India 4 months, station Ferosepore. 

. A case of heat stroke ending in recovery. Maximum temperature recorded 
in6'6°F., duration of pyuexia 6 days. Blood smears negative for malaria parasites. 

Special signs and symptoms noted were headache, constipation, cramps, 
mental dullness, stuporose condition, hot and dry skin, contracted and inactive 
pupils, and lack of sweating. 

Was employed in military duty with an average of 1|- hours’ exposure to the 
sun daily. Dress — shirt, shorts, boots, putties, topee, and equipment. 

Had 1 - 2 - pints of beer on the day previous, suffered from headache, malaise, 
and constipation 2 days prior to attack. 

Case 7 . — W. B., aged 21, total service 2 years, service in India 4 montlus, 
station Sialkot. 

A case of heat stroke ending in slow recovery. Maximum temperature 
recorded 105 °F. Hypei'pyrexia for a few hours followed by continuous temperature 
for 26 days and irregular low fever for a further 37 days. Blood smears negative 
for malaria parasites , cultures negative for * E ’ group throughout, widal no rise. 

The patient being a defaulter was employed in grooming and weeding. 
exposed^ for about 4 hours a day. Dress— slacks, vest, and topee. He fell down 
unconscious at 7 p.m. on the day of attack after weeding for one hour in the sun, 
and was admitted to the hospital as such. 

_ Special signs and symptoms noted were lack of sweating with hot and dix 
skm,_ pupils equal but inactive, absence of reflexes, condition hysterical and 
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About 10 days prior to tbe attack suffered from sandfly fever, and from 
suppressed sweating 3 days prior to the admission. 

Consumed beer occasionally. 

Qase 8.— N. G., aged 24, total service Al years, service in India 24 years, 
station Sialkot, 

A case of heat stroke ending in recovery. J\Iaximum temperature recorded 
106°F. Duration of pyrexia 4 days. Blood smears negative for malaria parasites ; 
cultures and widal negative for ' E ’ group. 

As a defaulter was on fatigue duty and was employed in weeding, digging, 
and cutting grass. Was exposed to tbe sun for il hours daily. Dress— shirt 
and slacks. 

At about 10-30 a.m. on the day of attack while cutting grass he had fainted, 
but was again employed on fatigue duty from 4 p.m. to 5-55 p.m. He was subse- 
quently admitted to hospital at G p.m. on the same day with hAqjerpjnrexia. 

Special signs and symptoms noted were weakness and aching of arms and 
legs, cramps in calves and normal reflexes. 

Usually consumed 2 bottles of beer a week. 

Case 9.— D. D., aged 25 years, a civilian (Indian), station Allahabad. 

A fatal case of heat stroke. Was picked up from road side in an unconscious 
state four days before death. Benign tertian gametocytes were seen in blood 
smears ; but anti-malarial treatment did not relieve. Maximum temperature 
recorded 108-6'’F. (axillary). Duration of hyperpyrexia 8| hours ending in death. 

Special signs and symptoms noted were unconsciousness, absence of reflexes, 
pupils dilated and inactive, subconjunctival haemorrhages, and stertorous 
breathing. Blood pressure 2 hours prior to death 90/70. 

Case 10. — I., a girl aged 13 years, civilian (Indian), station Allahabad. 

A fatal case of heat stroke, brought to hospital by the parents with a history 
of exposure to the sun during the day. Maximum temperature recorded 107 °F. 
Blood smears negative for malaria parasites. Duration of pyrexia 20 hours (in 
hospital) ending in death. ‘ ' 

Special signs and symptoms noted were marked cerebral irritation followed 
by unconsciousness, gastric tetany with carpopedal spasm and spasmodic contrac- 
tions of muscles, reflexes absent, Babinski extensor, and breathing stertorous 
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Studies in ‘ Effects of Heat ’ 
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NOTICE. 


Fifth Course of Post-graduate Instruction in Malariology, under the 
auspices of the League of Nations, Singapore, 


April 1938„ 

The League of Nations is arranging for a Fifth Course of lusfcructipn. in 
ilalariology which will commence at the Eng Edward VII College of Medicine at 
Singapore in April 1938. 

The object of the Course is to complete the training of medical practitioners 
who arc engaged, or intend to be engaged, in the work of the malaria control in 
their own countries. The Course wdll thus be of interest not only to Governments 
and Municipal authorities, but also to all medical men practising in Eastern countries, 
particularly those engaged in estate work. 

The Course will continue for a period of six to seven weeks and will be carried 
out partly at the King Edward YII College of Medicine and partly at the Tan 
Tock Seng Hospital, Singapore. 

The practical Malaria Surveys will be arranged for oixtside Singapore at the 
cud of the Course in a suitable district in Malaya where the principal vectors are 
found and where their habits can be studied as well as the measures adopted to 
control their development. 

Conditions of admission . — The Course is open to medical practitioners, from 
whom applications for admission will be received up to the 26th February 
1938. 

F ee , — The fee for the whole Course or any part of it is Seventy -five Straits 
Dollars {375), paj^ble in advance. 

Gcneial. The Syllabus for 1937 (enclosed) gives a general idea of the arrange- 
ment of the subjects and the time allotted to each. The lecturers for 1938 will 
not necessarily be those who assisted in 1937. 


— Editor. 
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SYLLABUS FOR 1937='=. 

THEORETICAL. CLINICAL, AND LABORATORY STUDIES WITH 
PRACTICAL DEMONSTRATIONS. 

]0//i April to 2Wi May, 1937. 

I. Chemotherapy : — 

Syllabus . — Historical review. Therapeutic spceificitj'. Chemical structure and relationship of 
the important malarial remedies. 

Cinchona alkaloids . — Quinine : — Structure ; pharmacology ; range of action ; dosage, 
inetlmds of administration, etc. ; schemes of quinine treatment ; the relapse problem. Individual 
alkaloids : Quinidine ; Cinchonine and Cinchonidinc. Alkaloidal mixtures : Cinchona febrifuge ; 
lotaquina. Quinine compounds and derivatives: Hvdroquinine ; Tebotrin : Malarcan; Giemsa 77; 
Quiniostovarsol, etc. 

B. Miscellaneous remedies. — Synthetic schizonticidcs : type Atebrin ; pharmacology; toxicity; 
dosage, etc. ; practical application in prophylaxis and treatment. Synthetic gametoeides : tjpe 
Plasmoquine ; pharmacology ; toxicity ; dosage, etc. ; practical application in prophylaxis and treat- 

Chemoprophylaxis : theoretical consideration ; clinical prophylaxis ; gametocyto prophylaxis ; 
practical applications, i. Quinine ; ii. Atebrin ; iii. Plasmoquine. 

II. Clinical : — 

A short course including two lectures and two ward sessions of three hours each commencing on 
Monda 5 ', 24th May, 1937. 

SylUAus. — Demonstration of selected cases and discussion. Relapses and resistance to malaria ; 
provocation of attacks. Induced malaria ; dcl.ayed manifestations ; complications and sequelai. Toxi- 
^logy in relation to the use of quinine and other drugs. Determination of what constitutes a cure. 
Blackwater fever. 


III. Control 

A series of lectures and lecture-demonstrations will be given from April 21 st until the completion 
of the course, occupying a minimum period of 60 hours. Field demonstrations on urban nialann. 
control will be arranged through the courtesy of the Municipal Health Officer, Singapore. Opportunity 
will be given to students to familiarize themselves with field conditions. Malaria suri'cys uiil oo 
carried out by t.ie graduates themselves in conjunction T;\ith the lecturer on Entomology. 

Syllabus of lectures, hlalaria surveys ; the measurement of malaria in the field. The historr' of 
malaria cmitrol in Singapore. The organization of anti-malarial services in urban and rural areas, 
riie classification and application of malaria control measures. Species control and the choice oi 
methods suitable to a particular locality. The influence of biological knowledge on the control of 
nifdaria. The limitations and uses of larvicides. The importance of drainage. Temporarj' (recurreii ) 
and permanent control measures, their efficiency, cost, and financial benefit. Anti-malarial legislation 
and propaganda. 


IV. Entomology : — 

Brief syllabus.— The general morphology, life-histoiy and importance of the Hexapocla. The 
Diptera Ncmatocera; the family Ciihcida-, its sub-families, tribes, and important genera. The genus 
Anopheles, its classification and affinities ; the species and categories below the species. The detailed 
inorphology, hfe-history, habits, distribution, and oecology oi Anopheles. Susceptibility; influences 
ffd^SlId ifvStVaUons"'" ^'^termination of species. The technique of laboratory 


V. Epidemiology 

geographical distribution of malaria, and its social and economic 
importance. Definitions— endemic, epidemic, incidental, imported, and indigenous malaria. 

fho 


* Subject to minor alteration 
course. 


in accordance with the views of the lecturers participating m 
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Sralariomctrv. Doterraiiintion of presence of mivlatia ; methods of estimating the amount of 
malaria ; uocoasity for accurate measurements ; spleen census ; parasite and other indices. 

Erdemio malaria. The incidence and fundamental jctiology of malaria-infected, susceptible 
and inject hosts; factors relating to the infected human host-spccies and prcralenco of parasites ; 
gametoertes ; infeetWity ; immimity, treatment; environmental factors, factors relating to the 
ms<'ct host— species and prevalence of anophohnes ; species susceptibility and infeotiriti ; andropbil- 
ism ; noophilisra; deviation of anopholincs ; anoplicliam sine malaria ; environmental and chniafot- 
orrical factors. Factors relatim: to the snsccptiWc human host—susccptibility, natural tolerance, 
immunity, etc. ; accessibility ; “qn'vt'*'«» infection ; economic, social, and environmental factors ; 
prophylaxis and treatment. 

Climatology and malaria. Influence of temperature, humidity, M’ind, raMall, and other factors. 
Special malaria prohiema— urban malaria, rural malaria, man-made malnna, malann and irrigation, 
malaria and rice cultivation, etc. 


Epidemic malaria. Definitions and characters — seasonal, localised, tropical aggregation of 
labour, regional and fulminant epidemics. Fulminant opidemics— characters, causative factors, 
forecasting, precautionary and remedial measures. 

The spleen in malaria. Enlarged spleen— age; degree of enlargement; relation to degree of 
parasitemia, frequencies of enlarged spleens ; theories, significance in epidemiology, 

Jlalaria surveys. Definition; when and why undertaken; what surveys do; scope of surveys 
aud staff required ; sources of information ; methods of investigation ; general conduct of surveys. 
Laboratory and field studies ; vital statistics ; analysis of data collected ; interpretation of results ; 
recommendations. 


VI. Malarial Haematology and Protozoology 

Syllabus . — ^The normal red cells of human blood and their variants in health and disease. Com- 
parative red cell morphology of mammals, birds, and reptiles. The preparation and staining* of blood 
films and tissue smears for malarial parasites. Tbe Romanowsky process. The preparation of 
Leishman and Giemsa stains. The counting of blood cells and parasites. The Sinton-Dxeyer fowl- 
eorpiisele technique. The estimation of bmmoglobin. 

Classification of the Protozoa. The developmental cycle of the malarial parasite. 

Plasmodmm falciparum : Development. Morphology in fresh blood, in stained thick and thin 
films and in tissue smears. Peculiarities of localization in the tissues. Biological and morphological 
variation. Species and sub-species not universally recognized. 

Plasmodium vivar, Plasmodium malarico, and Plasmodium ovale : Development. Morphology’ 
in fresh blood and in stained thick and thin films. 


The parasites of simian and avian malaria. 

T Prognosis in relation to parasitological findings. The culture of malarial 


vn. Pathology and Immunity 

Sr/Wdtuis.— Pathogenicity of different malaria parasites and the defence mechanism of tlie verte- 
brate Jiost. Nature of the malaria paroxysm ; virulence of malaria parasites ; susceptibility of host • 
natural and acquired immunity (resistance, tolerance, premunition, etc.)— definitions and eeneral 
considerations. ® 


Pathological changes in acute pernicious malaria. Changes in various organs and tissues- 

B^neWra malaria ‘toxins’; correlation between pathological changes and clinical 

Pathological changes in benign and chronic malarial infections. Changes in varions oreans and 
Sges iiffuSSf latent) ; pathological 

Infection and superinfection with different species and strains of malaria narasites ‘ Slmmo > 

ma1arim”''‘°'^ of selected microscopical nniterial illustrating the tissue changes in 
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VIII. Special Lectures : - 

1. Lectiirc-dcmoiistnition. 'J'lie Physical Propcrlics of Oils used as Larvicidcs. 
. Malaria in Indo-Cliina. 

. The Work of the JIalaria Commission of tlic League of Nations. 

4. Immunity in Jlnlaria. 

6. Malaria in India. 



Ind. Jour. Med. Res., 2S, 3, January, 1938. 


NOTICE. 

The folloiving has been received for publicaiion 


— Editor. 


UNIVERSITY OF LONDON. 

UNIVERSITY READERSHIP IN MEDICAL PARASITOLOGY TENABLE AT THE 
LONDON SCHOOL OF HYGIENE AND TROPICAL MEDICINE. 

The Senate invite applications for tLe University Readership in Medical 
Parasitology tenable at the London School of Hygiene and Tropical Medicine. 

It is desirable that candidates should be competent in medical protozoology 
and should have had experience overseas. 

Applications, accompanied by the names and addresses of not more than three 
persons to whom reference may be made, should reach the Academic Registrar, 
University of London, IV.C.l, not later than the first post on Friday, 18th 
February, 1938. If testimonials are submitted, copies of not more than three 
should be sent. Twelve copies of all documents must be furnished. Envelopes 
should be marked ‘ Readership in Medical Parasitology ’. 

Candidates naming as references persons resident abroad should ask such 
persons to write direct to the Academic Registrar without further intimation. 

Candidates (other than those resident abroad) who arc summoned for interview 
wiU probably be asked to attend at the University on an afternoon in the week 
beginning 28th February, or in the following week. 

Under the University Regulations Boards of Advisors are not limited in their 
choice to persons who have applied for the post (see University Calendar for 1937-38 
p. 267). 


Uth December, 1937. 
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Academic Registrar. 
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Title 

1. The full title of the holtler of the Renclcrship vill be ‘ Reader in Medical Parasitology in the 
University of London The Readership is nttaehed to the London School of Hygiene and Tropical 
itfedicine. 


Tenure 

2. The appointment will date from 1st April. lO.TS, or as soon thereafter as may he found prac- 
ticable and will be subject to the Statutes and Regulations of the University and to the rules of 'the 
London School of Hygiene and Tropical Itleclicine in regard to such appointments. 

3. The Senate will decide after report from the relevant Board of Advisors whether the appoint- 
ment shall be made in the first instance for an initial limited period, and if so what period, or whether 
it shall be made without time-limit up to the age fixed for retirement. If the appointment is renewed 
after an initial period it will be tenable up to the age fixed for retirement ns prescribed in Clause 4 
below. 

4. The Reader will normally be required to retire on 30th September in the session in whichhe 
attains the age of 60. The Senate may. liowever. acting on the advice of the Governing Body of the 
School, invite him to continue to hold office for a further period up to the age of 65. 

6. The Reader shall not resign his Readership, unless for special reasons approved by the Senate, 
except as from the close of the academic year (30th .‘^cplcmbcr) and after giving, on or before 30th Apnl 
preceding, notice of his intention to resign. 

6. The appointment will be a whole-time appointment and the Render shall not hold any other 
public appointment or engage in any other professional work without the approval of the Board o 
Management of the School. 

7. The Reader will be entitled to two months’ holiday in the year. 

Salary 

8. The salary of the Reader will be £900 a year provided by the London School of Hygiene and 
Tropical Medicine. 

Superannuation : — 

9. The Reader will be required to contribute 5 per cent of his salary to the Federated 
annuation System for Universities, the Bo.ard of Management contributing from the School tun 
amount equal to 10 per cent of his total remuneration. 


Duties 

10. The Reader will be a niember of the Department of Parasitology, at the 

of Hygiene and Tropical Medicine, of which the William Julien Courtauld Professor of Hclmintn c. 
(Prof. B. T. Leiper. F.R.S.) is the Director. 

11. It vdll be his duty to assist the Professor in the teaching, organization and general 

of the Department ; and to do all in his power to advance the subject of Parasitology, of 

relation to Medical Protozoology, by teaching and research. He niay be required by the "O .^1 
Management to proceed overseas from time to time for periods of study and research, oj 
travelling allowances will be granted in respect of these periods. - -f - 

12. The Reader will be an Appointed Teacher of the UniversitN’ and a member of 

Faculties of Science and Medicine and of the appropriate Board, or Boards, of Studies. pj, 

be a member of the School Council of the London School of Hysiene and Tropical McdKine. 
attendance at meetings of Boards and Faculties of which he Is a member will be con.sirtcr 
important part of his work. 


nn 
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ATTEMPTS TO CULTIVATE M. LEPRM MURIS. 

BY 

DHARMBNDEA, m.b., b.s., 

Jwiior Research Worker imler the hnlmn Research Fmd Associalion, 

AND 


JOHN LOWE, M.B., ch.B., 

Research Worker in Leprosy under ihe Indian Covneii of the British 
Empire Leprosy Relief Association and Indian Research 
Fund Association. 

(From the School of Tropical Medicine, Calcutta.) 


(Received fov publication, December 31, 1937.] 


In this Laboratory we have been attempting to confirm some recent claims 
of success in the cultivation of the organisms of human and rat leprosy. We have 
tried to grow the organisms in tissue cultures, in minced chick tissue medium, 
on split-protein medium, on the different media in the gaseous environment 
recommended by Soule and McKinley, and from the blood of leprosy patients as 
advocated by Lowenstein. In all during the last year about two thousand media 
tubes and flasks and eight hundred pieces of tissues have been seeded. Every 
inoculated media tube and piece of tissue has been examined by means of smears 
taken after it has been incubated for a certain period. 

The material used for inoculation. — ^Most of our work has been done with r at- 
leprosy material because it is easy to obtain and also because the genuineness 
of any culture obtained can be proved by animal inoculation. Emulsions made 
from spleens, omenta, and lymph glands of rats in the advanced stages of the 
disease experimentally produced were used for seeding the media. In some of the 
experiinents these emulsions were treated with 5 per cent sulphuric acid and then 
neutralized, while in others no such treatment was given. 

Our attempts to cultivate the organisms of human leprosy as advocated by 
Lowenstein have largely been confined to the use of blood of patients with leprosy ■ 
in one e.xperirnent the media were seeded with emulsion from subcnlaneous nodules 
from a patient. 
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Attempts to Cultwate M. leprce muris. 


The media used were : — 

Egg media. — The media of Holm, Pctragnini, Petroflf, Twort and AYherr)’, 
and glycerine-egg medium, glycerine-egg media with addition of 
emulsion of rat-leprosy bacilli killed by heat. 

Glycerine media. — Glycerine agar, hormone-glycerine agar, glucose-glycerine 
agar, and potato-glycerine agar. 

Potato media. — Glycerol potato, glycerol-broth potato, and Shiga’s medium. 

Split-protein medium of Duval and Holt, eontaining trj’ptophane, cystine, 
tju’osin, leucine, placental ‘ autolysate ’, and banana infusion in 
glycerine agar. 

Fish media. — Pish-broth medium of Lowenstein. Pish-egg agar. 

Media made from rat spleen. — ^Rat-spleen agar. Pieces of rat spleen m 
glucose broth, glycerine broth, and potato broth. 

Tissue cultures. — Pieces of rat spleen, liver and skin, rat-bone marrow, and 
chick leucocytes. 

As the wmrk reported in the present paper deals mostly with the attempts at 
verifying the claims of various workers to have cultivated leprosy bacillus by 
different methods, we propose to give a short review of the literature of each 
method and then to give our own results by that particular method. 


SPECIAL GASEOUS ENVIROmiENT. 

The attempts to cultivate the leprosy bacillus under special gaseous environment aie based on 
the work of Wherry and Ervin (1918) who’ shou-ed that carbon dioxide was essential for the growtn o 
M. tuberculosis, and on the extensive studies of Novy. Roehm and Soule on miorobic respiration v it 
special reference to the respiration of the tubercle bacillus. Wherry (1930) used semi-solid meai 
prepared by the addition of glycerimzed ovomucoid yolk solution to nutrient agar. The tubes wer 
seeded with a loopful of blood expressed from a leprous nodule containing numerous lepra ' 
These tubes were then incubated under various gaseous conditions. Proliferation of the bacilli I's 
noted m three cases after a few weeks. The best growth was obtained in cultures which were l<ep 
first at low oxygen tension (little 0, but CO, present) for a month, after which oxygen was increasea. 

Soule and McKinley (1932) claim to have cultivated M. leprce under special gaseous tension. 
Tubes of glycerol potato, glycerol-broth potato, Petrofi’s and Dorsett’s egg media, glycerol aga , 
hormone-glycerol agar, etc., were seeded with emulsions made from aseptically removed leprous noauie=- 
The tubes were placed in Novy jars in atmospheres containing various mixtures of nitrogen, ' 
and carbon dioxide and some were kept under ordinary atmospheric conditions, All these u 
were inoculated at 37-5°C. After six weeks of incubation it was noted that no growth took piacc 
in the tubes incubated under ordinary atmospheric conditions and in oxygen-free jars. Grov i 
detected m some of the tubes incubated under atmospheres containing both 0, and CO, and it ua 
noted that the most favourable gaseous environment was 40 per cent 0™ and 10 per cent CU,. 
the inedia used glycerol potato, Petroff’s medium, and hormone-glycerofagar gave the best result-. 
In 46 tubes there^ wwe present small colonies with ‘ a distinct mucoid appearance and a 
filamentous border . Stamed smears from these colonies showed well staining acid-fast rods. 
orgamsms vere carried through 16 generations but there was a gradual loss of the growth at earn 
subculture ; there were 46 positive cultures in the first generation, while in the sixteenth generation 
only two positive tubes were left. 

Soule 
tubes bein 


positive results in 1 2 out of 20 specimens of human leprosy material, ug 

JpscribeTtlnv “ gaseous environment containing 40 per cent 0, and 10 per cent CO.- ^ 

throuf'h colonies which never became large. The growth va 

mere 'mechanical tnn^f'^ possibility of these appearances being had 

E autoclaved b^^ ^ " """ inoculated with matenal which hao 

oeen autoclaved, but similar colonies were not observed. 
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The work of Wherrv, of Soule nntl McKinley, and of Souic has not been cou6rmed by other workers 
who employed similar methods of cultivation. Oliver.Lcon and Roda (1931), usmg ’ 

did not note anv macroscopic or microscopic ovidenee of proliferation of the bacilli. Du\ al and Holt 
(1934a) inoculated a variety of solid and liquid media with matcnal from subcutaneous “d 

leprous abscesses and incubated by the method of Soule and SfcKinley. No proliferation of 
was noted after several weeks’ incubation. Duval and Holt think that tiie positive cultures and nucro- 
colonies of Soule and McKinley may possibly be explained bj’ the fact that jl. kpm may continue 
to proliferate in leprous tissue that has been removed from the human host. The statement that the 
growth became less and less in successive subcultures and subsequently ceased is quoted iii support 
of this view. Tliey consider this lessening of growth and its ultimate cessation to be due to the trans- 
ferred culture inoculum containing a decreasing amount of the original tissue products of protein 
digestion. 


Present work. -AX e inoculated 1,205 tubes of the different media in 27 experi- 
ments. Six hundred and eleven of these tubes were incubated under 40 per cent 
O 2 and 10 per cent CO 2 and the remaining 594 tubes under ordinary atmospheric 
conditions. The special gaseous tension was produced in vacuum desiccators which 
were re-gassed about every month. 


All the tubes were examined about once a month for three or four months. 
At the first and second examinations smears were taken from some, of the tubes. 
At the final examination smears were taken from all the tubes and from some of 
the tubes two or more smears were taken from different sites. 


Of the 1,205 tubes 260 tubes showed contamination with staphylococci, non- 
acid-fast rods, spore formers, etc. Two hundred and thirty-nine tubes showed no 
organisms at all, 642 tubes showed few or a moderate number of acid-fast bacilli, 
and 64 tubes showed a large number of acid-fast bacilli. Of these 64 tubes .^8 had 
been incubated in the special gaseous environment and 26 had been incubated 
under ordinary atmospheric condition. In these 64 tubes there was some 
macroscopic and considerable microscopic evidence of multiplication, the bacilli 
being found in veiy large numbers, sometimes in masses. However, subcultures 
from these tubes showed a steadily decreasing number of acid-fast bacilli up to the 
third generation when subcultures were stopped. 

Conclusion . — 'While in many of the primary culture tubes we observed appear- 
ances suggesting multiplication, we do not consider that the.se findings give 
conclusive evidence of multiplication of the bacilli, or of the value of the special 
gaseous environment in obtaining multiplication but we think that the matter 
shotdd iie further studied. 


TISSUE CULTURE. 


Mnsser and Carey (1912) were the first to employ tissue culture for the cultivation of leprosv 
haoillus. They used snial! pieces of spleen from rats not more than one week old and cultivated them 
m P tissues were infected with rat-leprosy bacilli from rats suffering from rat leprosy, 

rile baeilh increased in small numbers in the cells but no growth -Ras obtained outside the cell and 
attempts to transfer the organisms to laboratory'’ media were not sncccssfuh 


Friedheim (1929) did not observe any multiplication of rat-leprogv bacillus in cultures of rat spleen 

planted m rat plasma and rat-embryo extract. ‘ 1 fpiteii 

r (1929) claims to have obtained multiplication of the leprosy bacilli in cultures of 

eSefdied T ^”'1 h-Hiau embryo extract The 

n '*^1 /nr a few weeks but the bacilli increased for a time even after the tissue died When 

Srt -d of ’-coeytes 


in a noirand ‘ ’ obtained from an incisior 

j leprous abscesses, to the influence of living leucocytes obtained from 
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artificially-produced pleural effusions in rnbbifs. The bacillarj' Buspension and the leucocytes, after 
being thoroughly mixed, Avere drawn uj) in a narrow pipette which was sealed and incubated at 37°C, 
At appropriate intervals the contents were examined by hlouing out a droplet on to a microscopic 
slide by breaking open the thin end of the pipette, the jnpette being sealed again. Denney and Eddy 
did not obtain any evidence of proliferation of either free acid-fast rods or of globi contained in ‘lepra 
juice In the pus obtained from leprous abscesses they obseiwcd proliferation of the acid-fast bacilli 
as shown by' an increase in the number and size of globi. 

Salle (103f) cultivated a mixture of acid-fast and non-acid-fast organisms from four ‘ broben 
down ’ nodules obtained from two patients of leprosy and in one instance from rat-leprosy material 
on cbick-embry’o tissue planted in heparinized guinea-pig plasma and chick-embryo extract. He has 
described the growth of these organisms in alternating acid-fast and non-aeid-fast phases, the organisms 
being acid-fast in actively'-growing tissues and non-acid fast in dead and autolized tissues and in 
laboratory' media. 

Soule (loc. cil.) got slow but definite growth of leprosy bacilli in tissue cultures. 

Preserd work. — "We have attempted to grow 31. Icjncc imms in cultures of 
pieces of spleen, liver, and skin of rat cmbi 3 ’'os, in cultures of rat-bone marrow and 
of cliick leucocytes. Rat spleen, liver, and skin were planted in a mixture of cliick 
plasma, chick-embryo extract and rat serum on a coverslip which was inverted 
on a depression slide and sealed. 

Chick leucocytes are obtained from the blood drawn from the vein of a cock. 
The blood is taken w'ith an ice-cold sjTinge into an ice-cold paraffined centrifuge 
tube, centrifuged in ice and the plasma is pipetted off leaving the red cells with the 
leucocytes layer on top. After pipetting off the plasma the tube (containing the 
red cells and the layer of white cells) is made to stand in an absolutely upright 
position. Two or three drops of chick-embryo extract are added gently to the top 
of the layer of leucocytes. The tube is allowed to stand for about half an hour at 
room temperature. At the end of this period the white cells form a coaguluni. 
This coagulum is separated from the underlying red cells with the help of a sterile 
cataract knife. The top of the tube is then flamed and the tube is tilted OA'er a 
watch-glass containing a small amount of Tyrode’s solution so that the leucocyte 
film slips into the watch-glass. The film is gently moved to and fro in the solution 
to wash off the adherent red cells. It is then placed on a sterile slide and cut into 
small fragments. These fragments are dipped in an emulsion containing rat-leprosy 
bacilli for half an hour. These are then washed in Tyrode’s solution and plaiitecl 
in chick plasma and chick-embry'o extract on coverslips. 


The bone-marrow cultures are made as follow^s : — 

The femur bones of an adult rat are removed aseptically and cleaned of all 
the adhering fragments of muscle, etc. Small amounts of Tywode’s solution are 
taken in about half a dozen sterile centrifuge tubes fitted with rubber corks. In® 
bone is broken open longitudinally’' with scissors and the marrow is scraped out vi i 
an old cataract knife and put into the small centrifuge tubes. About six tubes 
can be made from the marrow of the two femurs of a°rat. To the tubes is then 
added a mixture of rat serum and chick-tissue extract A drop or two of an emulsion 
rich in rat-leprosy bacilli is then added to each of the tubes. Smears are mao® 
from each of the tubes after thoroughly shaking and stirring the mixture vit i n 
platinum loop. The smears are examined and the number of acid-fast bacilli mnn 
per oO or 100 fields is noted for comparison with later observations. For thepurp^® 
of a subculture the tubes are centrifugalized, the fluid is pipetted off 
disturbing the clepo.sit and is replaced by a fresh mixture of rat serum and cluck- 
issue ex rac . lie lolume is then made up with Tymode's solution. 
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Results — About 600 pieces of spleen, liver, and skin from rat embryos have been 
cultivated and infected rvitb rat-leprosy bacilH by being immersed m an emulsion 
containing the organisms for about half an hour before being planted. In a very 
small number of these cultures there was some evidence but no definite proof of 
multiplication. 

About 225 pieces of chick leucocytes have been cultured and infected with 
M km-cD muris. In 12 of these cultures {in two experiments) there was a 
strong suggestion of multiplication after the tissue had been kept alive for from 
seven to nine days. In these particular experiments the pieces of leucocytes 
smeared ou tlie first day showed from 22 to 80 bacilli per piece. All the 12 
pieces smeared after the seventh to ninth day showed appearances suggesting a 
great increase in the number of bacilli, the bacilli being found in laige masses, 
some intra-cellnlai and others extra-cellular. Subcultures were made from these 
specimens into fresh pieces of leucocytes. In these subcultures no definite 
evidence of multiplication has been obtained. This work is being continued. 

About 75 tubes of bone marrow have been infected. In about a quarter 
of the tubes some evidence of multiplication has been obtained, the bacilli showing 
an. apparent increase in number, but no such evidence has yet been obtained 
in subcultures into fresh bone marrow. The expeiiments are being continued. 

Conclusions.— In ordinary tissue cultures we have been unable to obtain definite 
evidence of multiplication of bacilli. In cultures of chick leucocytes and of rafe- 
bone marrow, we have, however, observed some evidence that the bacilli multiply. 
No evidence of multiplication in subcultures has been obtained but the work is 
being continued. 


MIKCED CHICK-EMBRYO MEDIUM. 


The cultivation of the bacillus of lepiosy in minced chick embryo was mentioned for the fiist 
time m his Annual Report for the year 1932, by the Surgeon General of the Pablio Health Service 
of the United States. Ko macroscopic colonies w ere obtained but in three out of .seven attempts w ith 
human materiel, and m one out of three attempts with r.it-leprosy material there was an apparent 
proliferation of aoid-fast bacilli in five to seven days. The multiplication of the acid- fast bacilli was 
accompanied by a definite growth of a diphtheroid haci'Ius. The organisms were carried through 
several subcuitwres and the acid-fast bacilli in the last subculture appeared to be as numerous as in the 
original cultures. 


SIcKinley and Verde'- (1933) described the cultivation of J[. kprm m minced chick-and-human- 
embryo tissue. There was evidence of growth and multiplication in five days .and marked grow th was 
obtained in 10 to 1.1 da)’s. Growth was obtained under atmospheric conditions hut the cultures "few 
much better under the gaseous environment of f^oule and McKinley. The cultures after beiii" grown 
in this medium for several generations we-c transplanted to solid media which were inoculated and 
incubated in the same gaseous environment. On the "ohd media definite micro-coloniei- of aoid-fast 
organisms -w ere observed Soule (lor. cU.] confirmed the w ork of McKinley and Verder in 22 instances. 
Out of 26 attempts to cultivate M. lepra in minced chick-embryo medium he obtained ‘ unniiestioned 
evidence of proliferation ’. To rule out the possibility of these appearances bein" produced bv tho 
mere mccKamcal transfer of bacteria he used control flasks inoculated with autoclaved suspension 
of the original material. In these control flasks it w as possible to find acid-fast bacilh but their number 
was ncghgible The posit, s e cultures were earned through six generations m the minced chick tissue 
succeed' transfer the growth to tubes of Petragmm’s and Lowenstem’s media did not 
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under ordinary atmospheric conditions and in Novy Jars containing 10 per cent CO; and 40 per cent 
0;. He did not note any evidenre of the proliferation of M. lepra and concluded that ‘ chick-embryo 
tissue emulsified in Tyrode’s solution is per nc valueless ns a nutritive in the in vitro cultivation of 
B. lepra Walker and Sweeney (1935) did not obtain multiplication of acid-fast forms of j¥. hpra: 
imtris in minced embryo tissue suspended in Tyrodc’s solution, but they obtained acid-sensitive forms 
which on subculture on suitable media became acid-fast. 

Present work . — In our experiments we used chick embryos seven to eleven days 
old to prepare the minced chick-tissue medium. The minced tissue was put in small 
tubes and diluted with about three times its volume of TyTode’s or Pannet's solution. 
These medium tubes were seeded with a drop of emulsion rich in rat-leprosy bacilli. 
A smear was taken from each tube immediately after seeding ; this was stained and 
examined and the number of acid-fast bacilli seen per 50 or 100 fields was recorded. 
The inoculated tubes were incubated for a week, and then smears were again taken 
after thoroughly' mixing the fluid. Thc.se smears were stained and examined for 
acid-fast and non-acid-fast organisms. The number of acid-fast bacilli per 50 or 
too fields was recorded and compared Avith the number recorded before incubating 
the tube. Seventy -five tubes in 10 experiments Avere thus inoculated. 

The results of examination of those 75 tubes Avcrc as folloAvs : — 

No organisms . . . . . . . . 15 

Acid-fast organisms only' . . , . . . 21 

„ and non-acid-fast organisms . . . . 27 

Non-acid-fast organisms . . . . . . 12 

Total . . 75 


In a separate paper we have discussed the significance of these non-acid-fast 
forms. We are of the opinion that these non-acid-fast organisms are contaminating 
organisms and not the non-acid-fast forms of the leprosy'’ bacillus. In most 
of the 21 tubes showing only acid-fast bacilli these organisms were very' scanty 
and there was no suggestion of multiplication, but in a few of these tubes there was 
an apparent increase in the number of bacilli. Fifty' tubes were used for sub- 
cultivating from some of these tubes. Some bacilli could be carried from one tube 
to another but no definite evidence of multiplication was observed. 


CULTIVATION OF LEPEOSY BACILLUS FROM BLOOD. 

Loweiistein (]935) obtained a rich growth of acid-fast bacilli from dehjemoglobinized blood m 
gl3’cermated fish broth after four months’ incubation. From this medium the growth was transferre 
to glycerine agar to ’''’bich fish broth had been added. On this solid medium macroscopic growth 
? If developed colonies of two descriptions, one whitish and the other of a 
-'f- further cultivation the whitish colonies vielded an organism which had all 

f and were identified as such. However, the smaH 

tViB n nrinpnrpH In cr bacilli with an Occasional acid-fast rod, bu 

there appeared lon^ thin bacilli staining bright red with Ziehl-Neelsen’s method. In the iolloninp 
pf definite 'moist growth on fish-broth-egg medium and glycerin ■ 

fcfd!?ast Wim mivl!, ‘''"d after another eigTit weeks the growth contained large m^=ses of 

'1 non-acid-fast bacilli identical in size and shape with leprosy bacilli. 

lenro^v'^bf nirfrom^SS^p ^"'’"'^nstein’s method of blood culture obtained 12 strains 

medi^ tt best Towth bp'®- Petragoini’s, Petrofl’s, Lowenstein's and glycerol-pot^ 

“ pes!’wWte or erramv wh!f PetragAini’s medium. Their cultures were of two 

t‘fo types were not ckfinilc f or orange {typhus Jcllbic 

incio wab an intermedinte type also and tbe colour ciuufc 
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from xvhife to orange, and vice versa. A culture of the yellow typo was obtained from a nodule taken 
from a patient from whose blood n growth of the same type was obtained. In another case two 
identical strains were obtained from the blood of a patient on two different occasions. Ota and bato 

consider these two findings of importance in affording evidence for the Klentification of the bacillus. 

Lleras (1935) inoculated Petragnini’s medium with acid-treated dehiemoglobinwed blood from lepro^; 
patients He obtained large, yellowish humid colonies composed of acid-fast granular rods m globi 
after ten days’ incubation. Injection of this culture to guinea-pigs did not produce tuberculosis. 
Fifteen successful subcultures hare been made. 


He Sour.a Araujo (1933) failed to confirm the positive blood culture results of Ota and Sato. He 
obtained 26 samples of blood from 17 lepers with active disease. Each of these specimens was used 
for seeding Petragnini’s, Petroff’s, Lowcnstcin’s, glycerine-potato and glycerine-broth-agar media. 
In none of the media was any growth obtained during six months’ incubation. 


Present worl'.-AXe obtained specimens of blood from 15 cases of leprosy, nine 
were nerve cases, six cutaneous cases. (Lepros}’^ bacilli were found in sinears of 
the dehEemoglobinized blood in one of the nerve cases in the phase of reaction and 
three of the cutaneous cases). Ten cubic centimetres of blood were removed from 
a vein at the bend of the elbow ; this was received into two sterile centrifuged tubes 
containing about 1-5 c.c. of 3 per cent sodium citrate solution. Both the tubes 
were centrifugalized and the deposit, after removing the supernatant fluid, was 
debsemoglobinized by the addition of 3 per cent acetic acid. The tubes were again 
centrifugalized, the deposit from one of the tubes being used for incubating the 
media without further treatment while the deposit in the other tube was treated 
with 5 per cent sulphuric acid before being so used. In addition to fish broth as 
suggested by Lowenstein, flasks of papain broth and tubes of split-protein medium, 
Petroff’s, Hohn’s, Petragnini’s media and hormone-glycerine agar, etc., were seeded 
with acid-treated and non-acid-treated dehsemoglobinized blood. In all 30 flasks 
and 430 tubes were used. The tubes and flasks were examined from four to six 
weeks after being seeded ; they were re-examined after another 12 weeks. No 
' evidence whatever was obtained of the growth of the leprosy bacillus from the 
blood of the patients iu these media. Only in two of the tubes examined w^ere 
scanty acid-fast bacilli seen. 


SPLIT-PROTEIN IVIEDIUM. 


Since 1910, Duval has been expressing tlie view that J/. lepnc seemed unable to utilize whole 
proteins in culture media and that to got growth of thi.s organism it is essential to incorporate split- 
protein products in the culture medium. He has adyocated two methods of accomplishing this end. 
In the ‘ direct’ method tryptophane or a mixture of albumin and tryp.sin is incorporated in the culture 
medium. In the ‘ indirect ’ method bacteria capable of digesting the albumin constituents of the 
culture medium are introduced into the medium. 


Duval and Holt (19346) have described an ‘ improved method for in vitro cultivation of B. lepras ’ 
Aseptically removed subcutaneous nodules rich in acid-fast bacilli are cut into small pieces rdaced’ 
in a 1 per cent trypsin solution, and incubated at 37°C. from 36 to 48 hours. During this period the 
protein m the nodule is digested .and its split products arc said to be utilized bv JV. lepree fo- its growth 
After this prehmmap’ incubation the softened nodules are put on the surface of amino-acid-agar tubes 
and spread uith a platinum loop. These culture tubes are then incubated in the usual manner. 

Present worl'.— Small pieces of spleens from rats suffering from experimentallv- 
produced lemosy were digested with 1 per cent trypsin solution for from 96 to 
120 hours. The softened tissue was then inoculated on the different media including 
the spht-protem medium of Duval and Holt. In all 70 tubes were inoculated® 
In one experiment smears from all the 26 tubes of the split-protein mediumXwed 
enormous nunAers of bacilli suggesting multiplication. Subcultures from these 
mnde .nlo a large number ot tubes. Vars from the subeuW faS 
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were taken before they were put in tbc incubator. Tlie number of acid-fast bacilli 
found per 50 fields in these smears was compared with a similar examination 
made after the tubes had been in the incubator for eight weeks. No appreciable 
increase in the number of bacilli was found. 


Summary. 

1. Details are given of attempts to confirm the findings of workers who have 
in recent years claimed to have cultured the organisms of human and rat leprosy. 

2. No conclusive evidence has been obtained of the value of a special gaseous 
environment as recommended by Soule and McKinley, in promoting multiplication 
of the bacillus on artificial medium. 

3. In ordinary tissue cultures no conclusive evidence of multiplication of 
bacilli has been obtained. 

4. In cultures of chick leucocytes and of rat-bone marrow, some evidence of 
multiplication has been obtained, but this has not been verified by subculture. 

5. No conclusive evidence of multiplication of bacilli in minced chick-embryo 
medium has been obtained. 

6. Attempts to culture the organism of leprosy from the blood by the method 
of Lowenstein have given negative results. 

7. No conclusive evidence of multiplication of bacilli in cultmes on split- 
protein medium as recommended by Duval has been obtained. In primary cultures 
there was some evidence of mrdtiplication, but this has not been verified by sub- 
cultures. 
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The microbiological studies bave so far failed to assign a definite place to 
actinomyces in systematic bacteriology, wbetber thej' should be classified ■with the 
schizomycetes or hyphomycetes is still an open question. If the presence of an 
antigen common to actinomyces and other well-known bacteria could be established, 
then it would lend strong support to the classification of actinomyces as schizomyce- 
tes. The complement-fixation test can be usefully employed in the elucidation of 
this problem. Claypole (1913) concluded from her work that although there was 
an antigen common to the actinomyces (acid-fast and non-acid-fast) and acid-fast 
bacilli, yet the degree of complement-fixation varied ; homologous antigens could 
be differentiated from the heterologous ones by this means. Boquet, Negre and 
Urbain as quoted by Calmette (1936) found an antigen common to tubercle and 
diphtheria bacilli. Boquet and Negre (1923) found in addition that methyl alcohol 
extracts of Bacillus sublilis and Rivolta’s organism could bind the complement in 
presence of anti-tuberculous sera, but the degree of this fixation was not high. 
Urbain (1922) found that streptococci reacted with anti-tuberculous serum by fixing 
15 units of antibody, whilst the homologous antigen fixed 1,200 units. Urbain and 
Fried (1921) observed only very occasionally an interaction between the human 
anti-tuberculous scrum and Bacillus sublilis, but the degree of this activity was 
unfortunately not indicated. The last observation could not be confirmed by 
Dienes and Balas (1924). Furth and Aronson (1927) could differentiate avian 
tubercle bacilli from the mammalian by serological tests. Rice and Reed (1932) 
found that only smooth strains had a specific antigen. Schaefer (1935) stated 
that the R variant of a strain of avian bacilli contained an antigen which was 
common to all acid-fast bacilli, whereas the S variant contained both specific and 
group antigens. It appeared from the work of the above-mentioned authors that 
the group antigen was found not only amongst acid-fast bacilli but amongst certain 
non-acid-fast strains also. Bretey (1933) described an antigen common to 


‘This paper sawMarizes part of the work done at the Pasteur Institute, Paria, in rero-nition 
of which tlic Academic dcs Sciences and the AcaiJcinie do Slcdicine of Parii have awarded tPn 

the ‘Mention Honorable Jloiityon’ and tl.o ‘ Enconmgement 
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actinomyces and acid-fast bacilli, but found the actinomyces antigens to be very 
poor in their action both iv vivo and in vitro. It is considered that the weak sera 
obtained by Bretey {loc. oil.) might have been due to the injection of small doses 
of antigen administered at rather infrequent intervals. 

In view of the unsatisfactory state of knowledge of the antigenic relationskip 
betw'een the actinomyces and acid-fast bacilli, the author undertook a critical 
study of the problem at the Pasteur Institute, Paris. 

All the strains of the actinomyces at disposal were unemulsifiable, hence the 
use of the aqueous emulsion was out of question. Methylic extracts prepared 
according to the technique devised by Boquet and Negre were utilized. 

The sera were prepared by giving 4 to 8 intravenous injections of 20 mg. to 
100 mg. of living actinomyces to rabbits at 3- to 7-day intervals. The animals 
were bled 7 to 15 days after the last injection and the sera obtained from the same 
group were pooled. The dose and interval of injection were varied according 
to the resistance of the animal. In case of loss of weight, the interval was 
prolonged and the dose wms reduced. Babbits looking ill after the last inocu- 
lation had to be sacrificed earlier than others. 

The antibody was estimated by the technique of Calmette and Massol, 1 o.c. 
of 1/20 dilution of the methylic antigen being employed. 

Use was also made of other antisera besides the anti-actinomycotic, i.e^ 
tubercle, para-tubercle, and diphtheritic serum. Some of these antigens and 
antisera were prepared by W. Schaefer, to whom we are much indebted. He 
inoculated intravenously into rabbits 5 to 10 times 5 mg. to 10 mg. of heat-killed 
bacilli, the animals being sacrificed 6 days after the last injection. 

Bretey {loc. cit.) gave 5 intravenous injections at 5-day intervals into rabbits 
of 20 mg. of actinomyces per dose and wms able to demonstrate only 50 to 100 units 
of antibody. (If OT c.c. of a 1/10 dilution of antiserum fixed 1 M. H. D. of comple- 
ment in presence of a fixed amount of antigen, then 1 c.c. of undiluted serum fixed 
100 M. li. D. of complement, this being the calculation adopted by Calmette and 
Massol.) The author obtained sera containing very little of the antibody, but 400 
units wmre obtained from the antiserum of one rabbit, which received 9 injections 
of 20 mg. to 40 mg. of actinomyces.- The streptothricine (an extract of acti- 
nomyces prepared exactly in the same manner as tuberculin produced by the 
Tuberculin Section of the Pasteur Institute) was not found to be suitable as an 
antigen. The anti-actinomycotic serum revealed 400 antibody units when 
methylic extract was used, but the streptothricine diluted 1/10 or 1/20 fixed only 
100 units. In another experiment the methylic extract was found to give thrjce 
as good results as streptothricine. 

The experiments wmre repeated two or three times following the same 
techmque. The number of units of antibody fixed varied slightly from one experi- 
ment to another as the titration of the complement could not be done absolu e ) 
correctly in each experiment. 

The following antisera were used in this study 
Anti-tuberculous (avian and mammalian, both rough and smooth). 
Anti-paratuberculous (both rough and smooth). 
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A particular type of anti-tuberculous seruni (smooth). 

Auti-actinomy cotic . 

Anti'diphtberitic. 

The results demonstrated the presence of an antigen common to all these 
bacilli. The actinomycotic antigens were found to be as active against the 
homologous seta as against the heterologous ones except for the following strains : 
Paratubercle-crottin S, Rabinowitscli-fautter S, and avian A smooth. These twee 
strains definitely showed the presence of specific antigens. The corresponding 
antigens fixed at least 240 to 270 units> whilst the heterologous antigens fixed only 
0 to 90 units. 

Griffith (1925) uas able to differentiate between the mammalian and avian 
strains by agglutination tests, but he utilized only the smooth strains of avian 
bacilli. These.three strains containing specific antigens were also smooth. But the 
strain Serpent R (belonging to acid-fast group of bacilli of cold-blooded animals) 
and M (a special type isolated and described by Griffith, 1933) were rough and 
contained nevertheless specific antigens. R. Laporte very kindly placed at our 
disposal R and S strains of bovine tubercle bacilli and the corresponding antisera, 
AYe were unable to differentiate serologically between the rough and smooth 
strains, the only point of interest being that the antiserum S contained far greater 
amounts of antibody than antiserum R. 

\i’’ith regard to the diphtheria group, the antiserum prepared with washed 
bacillary bodies gave a good fixation in presence of different antigens, but the anti- 
toxic serum had very little complement-fixing property. 

In order to demonstrate the presence of specific antibodies, an attempt was 
made to absorb the group antibody by means of a heterologous antigen of the same 
group. Fifty to one hundred milligrams of dried and washed bacillary bodies rvere 
emulsified in 3 c.c, to 5 c.c. of diluted and inactivated serum. The emulsion was 
incubated at 37°C. for 1 to 4 hours, shaken at frequent intervals, and later left in 
the ice-chest. It was centrifuged at high speed next morning. The serum on top 
was removed and again inactivated at 56°C. for 10 minutes. The absorbed serum 
was used for the complement-fixation. 

It was not found possible in general to absorb the antibody completely by the 
homologous antigens even. The antigens in use were not easily emulsifiable, hence 
an intimate antigen-antibody contact could not be established. 


In one experiment, B. subtilis absorbed the anti-tuberculous antibody in the 
same degree as tubercle bacilli. It was possible that the antibody absorption had 
nothing to do with the nature of the antigen, i.e., whether the antigen belonged to 
the group was imrnaterial. In his studies (Goyal, 1935) of filter-passers conducted 
at Edinburgh University, the author had demonstrated antibody absorption bv 
powdered Chamberland filters. Kaolin was utilized for absorption in the present 
work and it was found that even the specific antibody could be removed by Kaolin 
Only one strain belonging to the particular type of tubercle bacilli and described by 
Saemz et al (1935) showed the presence of a specific antigen, the rest of the strains 
used in this experiment contained group antigens only. We next attempted to fiS 
out if the bacilh far removed from the tubercle bacilli or actinomyces al^ contained 
the same group antigens. Rice and Reed {ho. cit.) had definitety stated that the 
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group antigens were found in rough strains, so we utilized the K variants of B. coli 
and B. sitbdUs. In presence of anti-tuberculous sera, 0‘5 c.c. of the emulsions 
containing 1 mg. of bacilli per c.c. either failed to fix complement or caused the 
fixation of 10 units only. The antisera prepared against these two bacilli fixed 
20 to 40 units of homologous antigens and only 0 to 10 units of heterologous methylic 
antigens. Various other antisera (plague, abortus, anthrax) fixed 0 to 20 umts 
in presence of antigens prepared from acid-fast bacilli or actinomyces. An emulsion 
of staphylococci fixed only 10 units in ])resence of anti-tuberculous serum. An 
anti-staphylococcal serum did not fix tubercle or actinomyces antigens. These 
results do not authorize us to conclude the presence of an antigen common to 
all these bacilli and actinomyces-tuberclc grou]). 

Conclusions. 

1. The methyl alcohol extract of unemulsifiable strains of actinomyces vas 
found suitable for the complement-fixation test, and was definitely superior to 
streptothricine. 

2. Although a specific antigen was present in certain strains of acid-fast 
bacilli, yet an antigen common to the aetinomyces, corynebacterium, and myco- 
bacterium was clearly’- demonstrable. Organisms far removed from the tubercle 
bacilli on a microbiological basis did not possess an appreciable amount ot the 
antigen present in the actinomyces-tubercle group. 

3. The mammalian tubercle bacilli and actinomyces were found to have 
only group antigens, the specific antigens were found to be absent in the methylic 
extracts. 

This work definitely supports the view that the actinomy’ces should be classified 
under schizomycetes. 
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The protein content of a foodstuff is conamonly estimated by multiplying^ the 
total nitrogen by tbe conventional factor 6-25. On these values are based various 
data including calculations of calorific value, the digestibility co-efficient, and the 
biological value of proteins. The practice of multiplying the total nitrogen by 6-25 
and expressing the result as protein has been frequently discussed and as frequently 
criticized (Clark and Almy, 1918 ; Janney and Gsonka, 1915 ; Janney, 1916 ; 
McCance and Shipp, 1933 ; McCance, Widdowson and SLackleton, 1936). There 
are two main objections : first, total nitrogen is not all protein nitrogen, and, 
secondly, the protein factor 6'25, based on the assumption that protein on an average 
contains 16 per cent nitrogen, is somewhat arbitrary (Jones, 1931), since values 
ranging from 12 to 17 have been obtained for different proteins. 

Many foodstuffs, e.g., vegetables, contain considerable amounts of non-protein 
nitrogen (Bhagvat and Sreenivasaya, 1935, 1936 ; McCance et al., 1933, 1936) part of 
which may exist as simple derivatives of proteins and amino acids, not precipitated 
by the majority of the common protein precipitants. V arious reagents are employed 
in the estimation of the protein and non-protein nitrogenous material in foodstuffs 
and aniinal tissues, the most important being the following ; acetic acid, trichlor- 
acetic acid, tungstic acid, phosphotungstic acid, alcohol, picric acid, metaphosphoric 
acid, copper hydroxide, and zinc hydroxide. 


\an Slyke and Hill (1922) made a comparative study of some of the protein 
precipitants and showed that they varied widely in the completeness with which 
they precipitate the intermediate products, such as peptones, peptides, and amino 
acids. Their conclusions are as follows : ‘ From the results with Witte’s peptone 

( 847 ) R > 
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it appears that tungstic acid and picric acid are distinguished by the relative 
completeness with which they precipitate protein intermediate products without 
precipitating amino acids. Trichloracetic acid, on the other hand, particularly in 
solutions more dilute than 5 per cent, permitted nearly all the products to pass 
into the filtrate. Alcohol behaves towards Witte’s peptone like tungstic acid and 
picric acid but is not a desirable precipitant for quantitative work. Metaphosphoric 
acid, colloidal iron, and mercuric chloride are intermediate between trichloracetic 
acid and tungstic acid in the completeness with which they precipitate the inter- 
mediate products of AYitte’s peptone 

Similar observations have been made by the author using certain protein 
precipitants. Table I shows that they differ widely as regards the completeness 
with which they precipitate the protein intermediate products in red gram: 
acetic acid gives the highest figure and copper hydroxide the lowest for non-protein 
nitrogen. 


Table 1. 

The precipitation of the proteins of red gram (Cajanus indicus) by diffeyo'^t 


reagents. 


Protein precipitant and method employed. 

Protein 
nitrogen, 
per cent. 

1 

Non -protein 
nitrogen, 
per cent. 

Non-protein N, 
expressed as 
per cent of 
total N. 

Copper hydroxide (Stiitzer) . . . . . . 

3-OG 

0-24 

7'3 

Zinc hydroxide (Scott, 1934) 

! 2-90 

0-34 

]0'3 

Tungstic; acid (Ayi'e.s and Lee, 1930) 

' 2-94 

1 

0-.3G 1 

10-!) 

j 

Trichloracetic acid (Me/,ince.scu and Szabo. 1930) 

i 2-74 

O'OO 1 

1 

]?0 

Acetic acid (Bhagvat and Sreenivasaya. 1930) 

2*r)2 

j 1 

U-7S 



Since peptones, pepotides, and amino acids may be regarded as 
pure proteins in nutrition the estimation of the total protein in a foodstutt sn 
include the protein intermediate products. A convenient reagent 
Stiitzer's reagent (copper hydroxide) ; it has been shown by Kober and 
(1913) that even small quantities of amino acids in urine and blood can be ^ ‘ 
tatively estimated by using copper hydroxide. Stiitzer’s reagent has been 
in the estimation of protein nitrogen in the present investigation. 
mtrogen was estimated by subtracting the protein nitrogen from the total ni ° 
All the nitrogen estimations were made by the Kjeldahl method. T le 
obtained are shown in Table II. The samples of food materials for 
treated in the manner described in previous communications (Swanns 
1937c and c). ^ 
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Tabi-e II. 

The jiercenlagc of total p'olein and non-protein nitrogen in foodstuffs. 


Name of foodstuff. 1 

Botanical name. 

Total 
nitrogen 
{T. N.). 
per cent. 

Protein 

nitrogen 

(P. N.), 

per cent. 

1 

Non-protein 
nitrogen 
(N. P. N.) 
by differ- 
ence, per 
cent. 

Non-protein 
nitrogen, 
expressed as 
per cent 
of total 
nitrogen. 

CereaU . — 




1 

i 


Barley , ■ 

> • • • 

Bordcum rtilgnie 

1-57 

1-46 

0-U 

7-0 

Cambu . . 


) 

Peiniisefum typhoideum 

2-20 

2-Oj 

003 

6-8 

Cbolam 


vulgare \ 

1 

l-3fi 

1-29 

0-07 

5-1 

Italian millet 

. . 

Sefaria itnlica * 

1 

1-64 

1-53 

0-11 

6-7 

Maiae . . 

. . 

' Zea mays 

1-04 

1-00 

0-04 

3-8 

Oat meal 

. s 

1 salit'u [ 

2-11 

2-00 

0-11 

4-1 

Ragi . . 

. . 

I Eteusiiie coracana 

M3 

V06 

0-07 

6-2 

Kice, raw. milled 

. . 

1 Onjza saliva | 

1-08 

1-06 

(r’02 

1-9 

Wheat, whole 

.. 

1 Triticum vulgare 

2-09 

P95 

0'14 

6-7 

Pulses . — 







Bengal gram 


Cicer an'efitiKm 

3-40 

3-30 

o-io 

2-9 

Black gram 


Phaseolus mvngo 

3-61 

3-44 

0-17 

4-7 

Cow gram 

A. 

Vtgna caliang 

4-10 . 

3-74 

0-36 

8-8 

Field bean, dry 


DoUchos labJab 

.3-65 

.3-12 

0-53 

I4'5 

Green gram 

• • 

Plioseolas Tadiolns 

3-84 

3-68 

i 006 

4-2 

Hor.se gram 

" 

Dolichos hiflorus 

3-50 

1 3-03 

0-47 

13-4 

Lentil (masur dhall 

Lens esctilenia 

3-88 

3-52 

' 0-36 

9-.3 

Peas, dry 

.. 

Pisum sativum 

3-28 

2-98 

0-30 

9-1 

Red gram {dhal 

arhar) 

Cajanus indicus 

3-30 

\ 

• 3-06 

1 

, 0-24 

7-3 

f?oya bean 


Qlycine hispida 

6-40 

> 6-93 

j 0-47 

7-3 

.Ntitg and oilseeds.- 

- 




1 


Almond (de-fat ted powder) 

Prunas amygdalis 

7-96 

7-53 

0-43 

0^4 

Cashew'-nut (de-fatted powder) 

1 Anacardium ocridentale 

\ 

G-17 

1 5*84 

0-33 

5-3 
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Table II — co^Ud. 


Name of foodstuff. 

1 

1 

Botanical name. 

1 

1 

1 

Total 
nitrogen 
(T. N.), 
])cr cent 

1 

I 

‘ Protein 
nitrogen 

j (P.N.), 

1 per cent. 

Non-protein 
nitrogen 
(N. P. N.) 
b}' differ- 
ence, per 
cent. 

Non-protein 
nitrogen, 
expressedai 
per cent 
of total 
nitrogen. 

Nuts and oilseeds — contd. 

! 





Coco-nut (de-fatted powder) . . 

Cocos nncifcra 

4-11 

3-84 

0-27 

6'6 

Gingelly seeds (de-fatted powder) 

Sesav}7tm imlicvm 

4-44 

4-21 

0-23 

5-2 

Ground-nut „ „ 

Arachis hypogca 

G-79 

G-50 

! 

0-29 

4'3 

Condiments, spices, etc . — 



1 

1 

1 



‘ Arisithippli ’ 

Piper clvsii 

2-37 

1 2-15 

0'22 

9'3 

Coriander 

Coriandrum sativvm 

2-2S 

1 2-16 

oa2 

5'3 

Cumin . . 

Cuminum cyminmn 1 

2-92 

2-74 

0'18 

6-2 

Penugreek seeds 

Trigonclla fccnnmgrwcvm 

.5-4C 

' 5-2G 

0-20 

3*7 

Ginger, drj% powder 

Zingiber officinale 

1-22 

1-12 

OTO 

8-2 

Omum (Bishop’s weed) 

I 

Carum copticvm 

1-89 

1 

‘ I’Sl 

o-os 

4-2 

Pepper, dry 

Piper nigrum 

1-97 

! 1-86 

0-10 

.VO 

Turmeric 

Circuma lonqn 

1 

POG 

1 1-03 

i 

\ 

0-03 

2’S 

Leafy vegetables . — 

f 

1 





Aniarantli, tender (dry, powder) 

Amarantlms gangeticvs 

3-39 

3-07 

0-52 

Itv. 

Coriander (dry, powder) 

Coriandrum sativum 

3-29 

2-88 

0-41 

i2':i 

Drumstick „ ,. 

Moriuga oleifera 

3-58 

3-01 

0'57 

15-9 

Ipomrea „ „ 

Ipomcea replans 

3-79 

3-21 

0'5S 

1,V3 

T.ettuce „ ,, 

Lactuca stira 

2-74 

2*32 

0-42 

15-3 

^fint „ „ 

JlentJia viridis 

3-o3 

3-00 

O'oS 

liVO 

Sesbaiiia „ 

Sesbania grandiflora ^ 

4-81 

4-0 1 

0-77 

ICO 

Spinach „ 

Spinacia oleracea I 

1 

1 

3-93 

3-,51 1 

j 

0-42 

10'7 
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Table II — conchl. 


Name of foodstuff. 

1 

Botanical name. 

Total 
nitrogen 
(T. N.y 
per cent. 

Protein 
nitrogen 
(P. N.), 
per cent. 

Non-protein 
nitrogen 
(N. P. N.) 
by differ- 
ence, per 
cent. 

Non-protein 
nitrogen, 
expre.ssed ns 
per cent 
of total 
nitrogen. 

Boots and lubrrs — 






Carrot (dry, powder) 

Daiicvs carnia 

P02 

0'93 

0-09 

S-8 

Potato ,1 i> 

Solami m tuberosum 

POG 

0-74 

0-32 

30-2 

Radish (pml;) „ 

Bapitanus salivas 

0-98 

0'91 

0-07 

7'1 

Tapioca „ <, ■ • 

JfdtuViof ulUissima 

0-25 

0-22 

0'03 

12-0 

Other vegetables . — 

( 

1 





Bitter gourd (dry, po^'dcr) .. 

Momordioa. charantia 

2-17 

1*97 

0'20 

9-2 

Brinjaf „ „ 

Solanum mehngena 

2-23 

)-96 

0-27 

12- i 

Double beans „ „ 

Faba vulgaris 

4-13 

3-58 

0-65 

13-3 

Jack-fruit seeds „ „ 

Artocarpus intcgrijblia 

P70 

1-53 

0-15 

8-8 

Lady’s fingers „ „ 

Hibiscus escitleuhis 

2T0 

1-75 

0'36 

16-7 

Peas, green „ „ 

Pisum sativum 

3-99 

3-45 

0-54 

13-5 

Plantain, green ., ,. 

JIusa paradisiaca. 

0-69 

0-61 

0'08 

11-6 

3Itlk.— 

' 

1 




Mdk, buffalo’s 


0-69 

0-61 

0-08 

11-8 

Milk, cow's 

— 

0-59 

0-55 

0-04 

6-8 

Mdk, goat’s 

— 

0-59 

0-.55 

0-04 

6-8 

Milk, human 

— 

0T6 

0T4 

0-02 

12-5 

fikimmed milk pow der 

.... 

6-61 

6-23 

0-38 

5-7 


Discussion. 


Altliougli the exact role played in protein metabolism by the non-protein 
nitrogenous constituents of foodstuffs is at present unknown, it is of interest to note 
that the foodstuffs investigated vary considerably in their non-protein nitrogen 
content - on an average cereals contain 5 per cent, pulses 9 per cent, nuts and oilseeds 
6 per cent, condiments 6 per cent, vegetables 14 per cent, and milk 9 per cent of their 
total nitrogen in the form of non-protein nitrogen. 


J, MR 
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Very little is known regarding the nature of tlie non-protein nitrogenous consti- 
tuents not precipitated by copper hydroxide. Hamilton et ah (1921) found tiat 
about 2 per cent of the total nitrogen of oats and corn are soluble in absolute ether 
and alcohol, while Horwitt et al. (1936) showed that about 6 per cent of the total 
nitrogen in spinach is ether soluble. McCance, Widdowson and Shackleton (loc. cil.) 
have investigated the nature of the nitrogenous material in certain vegetables 
and nuts. Their observations arc summarized as follows : — 

‘ In 36 representative fruits, vegetables, and nuts, the amount of nitrogen 
soluble in 90 per cent alcohol has been determined as well as the total H. It will be 
seen that all the nitrogen in nuts is insoluble and therefore may be considered protein 
nitrogen. In fruits and vegetables, however, about one-third of the nitrogen is 
soluble in 90 per cent alcohol. It is improbable that this is protein N and in most 
cases little is known of the manner in which this nitrogen is combined. Bbagyat 
and Sreenivasaya (1935) have stated that the non-protein N of the pulses consists 
of easily digestible and assimilable peptides. If this is true of other vegetables and 
fruits, it is perhaps fair to assume that almost all thch nitrogen is amino-acid 
nitrogen, if not protein nitrogen, and the use of the factor 6'25 is legitimate. Mush- 
rooms, however, are known to contain large amounts of urea and it is clear, 
therefore, that it is incorrect to multiply the total N of this vegetable by 6‘25 
and state the result as protein ’. 


The non-protein nitrogen and its significance in the estimation 
OF THE DIGESTIBILITY CO-EFFICIENT OF PROTEINS. 

In the determination of the digestibility co-efficient and the biological value 
of proteins, the total nitrogen content of a foodstuff is taken into account (Mitchell, 
1924a and b ; Mitchell et al, 1924, 1926 ; Boas-Tixsen et ah, 1932, 1934 ; Chick 
et ah, 1935a and b ; Swaminathan, 1937o, b, c and d). 

The co-efficients of digestibility and the biological values determined in such 
investigations, although referred to in terms of the conventional ‘protein 
(N X 6-25), are in reality based on the total nitrogen content. The wastage or 
protein in digestion seems to be largely unrelated to its chemical structure, 
though the biological value of a protein is generally ascribed entirely to its chemical 
structure (Mitchell, 1924a). 

Mendel and Fine (1911, 1912) have shown that the differences in digestibility 
between different proteins largely disappear when vegetable proteins are fed m a 
nearly pure condition. They found that the proteins of wheat, barley, and corn 
in a pure state were as well utihzed as the proteins of meat. They explained the low 
digestibility of the proteins of soya bean, navy^ bean, and peas on the grounds 
that these proteins are less readily hydrolysed by the digestive process than _ m 
cereal proteins. It is quite likely that the non-protein nitrogenous materials 
(not precipitated by copper hydroxide) occurring in foodstuffs are not fully ^ 
and hence promde the main contribution to the loss of nitrogen in digestion. 
it is probable that the digestibility co-efficients obtained for the ‘ crude pro cm 
in foodstuffs represent an under- estimation because of the presence of non-pro ein 
mtrogenous constituents, non-amino and non-peptide in character. The loss o 
-food lutrogen in digestion calculated from previous experiments on ra 
(Swaimnathan. Joe. cit.) and the non-protein nitrogen content of foodstuns a 
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shown in Table III. It will be seen that the pulses and vegetables, whose proteins 
have a low digestibility co-efficient, are rich in non-protein nitrogen. 


Table III. 

The loss of food nitrogen in digestion and the non-protein nitrogen 
content of foodstuffs (expressed as 2}er cent of the 
total nitrogen). 


Name of foodstuff. 

Loss of food 
nitrogen in 
digestion, 
per cent. 

Non-protein 
nitrogen, 
per cent. 

Cereals . — 




Cambu 


11 

7 

Cbolam 


9 

5 

Italian millet .. 


9 

7 

Ragi .. 


20 

6 

Rice, raw, milled 


3 

2 

Wheat, whole 


7 

7 

Puhts . — 




Bengal gram 


14 

•i 

Black gram 


22 

5 

Cow gram 


22 

9 

Field bean, dry 


24 

15 

Green gram 


14 

4 

Horse gram 


27 

13 

Lentil 


12 

9 

Red gram 


25 

7 

Soya bean 


24 

7 

Nuts and oilseeds . — 




Cashew-nut 


10 

5 

Coco-nut 


6 

G 

Gingelly seeds .. 


15 

6 

Ground-nut 


10 

4 
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Table III — concld. 


Name of iooiKhilT. 

Loss of food 
nitrogen in 
digestion, 
per cent. 

i 

Non-protein 
nitrogen, 
per cent. 

Milk.— 



iSidniinerf milk jiowdcr 

10 

6 

Vcgclahlcs . — 



Amarantli leaves, tender 

22 

15 

Drumstick leaves . . | 

23 

16 

Ipomoea leaves . . . . 

15 

15 

i 

Sesbania Icai cs . . . . j 

15 

15 

Brinjal . . . . 

25 

12 

Lady’s fingers 

. 30 

{ 1 
) 

17 


Conclusion. 

The method of estimating the protein content of a foodstufi,_ hy multiplying 
the total nitrogen content by the factor 6'25, is not fully justified since apprecia 
amounts of non-protein nitrogen, non-amino and non-peptide in character, loru 
part of the total nitrogen ; considered in terms of practical dietetics, however, i 
error involved is not of great importance. 

Summary. 

1. The relative amounts of protein and non-protein nitrogenous constitaent| 

occurring in certain cereals, pulses, nuts, oilseeds, condiments, vegetables, a 
nailk have been determined by the Stiitzer method. ^ 

2. The average amounts of non-protein nitrogen, expressed as per cent o 
total nitrogen, occurring in the different groups of foodstuffs, were as touov • 
cereals 6 per cent ; pulses 9 per cent ; nuts and oilseeds 5 per cent ; condimen 
6 per cent ; vegetables 14 per cent ; and milk 9 per cent. 

3. If the protein content of a food is determined by multiplying the 
content by 6-25 the digestibility co-efficient of ‘ proteins ’ may be under-estimaf . 
ovdng to the presence of varying amounts of non-protein nitrogen which may 
poorly available in digestion. 
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FURTHER STUDIES ON FACTORS AFFECTING 
THE VITAMIN-A ACTIVITY OF ANIMAL 
AND VEGETABLE PRODUCTS. 


BY 

N. K. DE, 

ANC 

B. N. MAJUMDAE. 

{Nutrition Research Laboratories, I. R. F. A., Coonoor, S. India.) 
[Received for publication, December 31, 1937.] 


In continuation of work reported in a previous communication (De, 1936), 
further experiments were carried out to study the effect of heat, cooking, teration, 
hydrogenation, etc., on the vitamin-A and carotene content of certain foodstuffs of 
both animal and vegetable origin. It is a popularly known fact that ' dials ’ 
(legumes) can be quickly cooked, if boiling takes place in an alkaline medium 
containing a little sodium bicarbonate. Certain foods, on the other hand, axe 
sometimes cooked in an acid medium, with an addition of a little tamarind. The 
effect of cooking with sodium bicarbonate and tamarind on vitamin-A and carotene 
content has also been studied. 


From the literature it appears that only biological methods have been applied 
in almost all the work which has so far been carried out on this subject. While 
there appears to be substantial agreement that the vitamin-A activity of vegetable 
products is little affected by cooking and canning (Steenbock and Boutwell, 1920 ; 
Mendel, 1932 ; Sure, 1933 ; Coward and Morgan, 1935 ; and others) results obtained 
with animal materials, especially butter and ghee, are less clear-cut (Osborne and 
Jlcndel, 1920 ; Hopldns, 1920 ; Zilva, 1920; Drummond and Coward, 1920; Hess 
1920 ; Banerjee and Dastur. 1937 ; and others). It has, however, been proved 
beyond doubt that heat in the presence of air or oxygen, aeration, and even hydro- 
genation are destructive of vita^ A (Grewal, 1935; Drummond, Cannon and 
Coward, and others). A loss of vitamin A has been observed in milk as 

a result of boihng (Decaro and Speier, 1935 ; and others). 
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In earlier work on this subject estimations of vitamin A were made by 
feeding experiments, and most of the results were expressed in qualitative terms. 
Since it is important to have accurate quantitative data on the question, an 
investigation was undertaken using spectrophotometric methods of assaying 
vitamin A and pro-vitamin A (carotene). The principle and the details of the 
method adopted are similar to those described previously (De, 1937). The results 
are set out in the following tables : — 

Table I. 


Effect of cooking, etc., on the carotene content of some vegetable products. 


E.s-peri- 

ment 

number. 

Name of the food and description of the treatment 
applied. 

Carotene content per 
gramme of original 
material {y}. 

1 

Amaranth (Amaranthns gnvgelkus), fresh raw sample 

108-0 


,, cooked (1 g. in 30 c.c. Avater, for about 

20 minutes). 

110-0 


» .. (1 g. in 30 c.c. Arater, containing 

250 mg. of common salt, for about 
20 minutes). 

107-0 


„ >• (1 g. in 30 c.c. AA’ater, containing 

20 mg. of NaHOOj, for about 15 
minutes). 

109-0 


)< (1 g. in 30 c.c. Avater — 250 mg. of tamarind, 

for about 40 minutes). 

104-0 

2 

Carrot {Daucus carota), cooked for about 45 minutes 

43-2 


„ cooked AA'ith NaHGOj, for about 20 minutes 

42-8 


'> >> >. tamarind, for about 45 minutes 

48-0 

o 

O 

Amaranth (fresh raAV sample) 

S7-0 


,, fried in coco-nut oil 

86-0 

4 

Carrot (fresh raAA ) 

74-5 


„ fried in coco-nut oil 

72-0 

5 

i Green gram (PJiaseohis radialus), raAV . . ’ . . 

2-9 


” cooked (5 g. gram AA’ith 1 g. tamarind, for about 
45 minutes). 

3-1 


.. cooked (5 g. gram AA-ith 200 mg. NaHCO,, for about 
15 minutes). 

3-0 

G 

Red gram (control) 

2-0 


N. K. Be and B. N. Majumdar. 
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Experi- 

ment 

number. 

Name of the food and description of the treatment 
applied. 

Carotene content per 
gramme of original 
material (>). 

I 

Red gram cooked (5 g. gram with 1 g. tamarind, for about 
45 minutes). j 

2-4 


„ cooked (5 g. gram with 200 mg. NaHCO,. for j 

about 20 minutes). 

2-7 

7 

Red-palm oil (Ptlfcis guinrensif), uncooked 

400-0 

J 


„ „ mrated for four hours at 90°C. to lOO^C. . . 

1 210-0 loss of carotene 
j 47-5 per cent. 


! ,, Lydroeenatefl for four hour.*? at 90^C. to 

lOO^C. 

270-0 loss of carotene 
32-5 per cent. 


Table II. 

Effect of cooking, etc., on the vitamin-A content of some animal 'products. 


Experi- 

ment 

number. 


Name of the material and description 
of the treatment applied. 


Egg yolk (raw) 


Egg yolk after heating for one hour 
(the egg was placed in a test-tube 
and immersed in boiling water). 

Sheep liver (raw) 

,. „ cooked with tamarind until 

soft 

,. ,. cooked with NaHCOj until 

soft 

Butter (uncooked) 

Ghee prepared from above butter by 
I heating for 45 minutes from cold to 
maximum temperature of 150°C. Loss 
, of weight due to evaporation of niois- 
I ture, etc. = 20'5 per cent. 


Vitamin-A content, 
per gramme (y). 


3- 8 

(Carotene n-0 yjg.) 

4- 0 

(Carotene 18-0 y/g.) 

103-7 

105-2 

102-1 

11-25 

8-75 


Vitamin content of 
treated material, 
per cent of that of 
untreated sample. 


77-8 
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Table II — contd. 


' 1 

Experi- Name of the material and description 

of the treatment applied, 
number. _ ^ 

Vitamin-A content, 
per gramme (y). 

Vitamin content of 
treated material, 
per cent of that of 
untreated sample. 

\ 

4 , Butter (uncooked) 

i 

10-0 

•• 

j C4hee made from above butter heated 
from cold for 22 minutes, maximum 
temperature 120°C. Loss of -weight 
due to evaporation of moisture = 19-4 
per cent. 

S-95 

89-5 

Ghee heated direotl 3 ' for half an hour to a 
maximum temperature of about 270‘’C. 

Nil or trace 


Above butter heated on a vrater-batb 
in an open vessel for six hours (6 g. in 
, a 250-o.c. basin). 

Nil or trace 

j 

Above ghee heated on a water-bath 
in an open vessel for six hours (6 g. in 
a 250-c.c. basin). 

Nil or trace 

1 


6 j Butter (imcooked) 

j 6-8 

• • 

Ghee prepared from above butter by 
heating from cold for 30 minutes, maxi- 
mum temperature 130°C. 

j 5-6 

1 

1 

82'3 

Butter sarated for six hours at 100°C. 
(125 g. in 250-c.c. flask, two to three 
bubbles of air per second). 

2-5 

1 

36-8 

Above butter heated on a water-bath 
for six hours (60 g. in 250-c.c. basin). 

2-n 

42-7 

Above ghee, after being used for fiying 
potato chipB. 

4-S 

70-3 

1 Above ghee after 2nd fi-ying 

, 3-1 

1 

46-6 

' Potato chips fried in the 1st 

1 2-0 

•• 

6 Butter (uncooked) 

5-62 1 

•• 

Butter 125 g. rerated for six hours at 
100°C., two to three bubbles of air per 
second. 

2-96 

62-7 

.4bove butter preserved at O'^C. for two 
ceks. 

o*r» 

100-0 

Above butter preserved at room tempera- 
ture to 22°C.) for two iveeJ;s. 

4-4 

78-3 

AI)ove butter preserved at 37°C. for two 
n ceks. 

3-0 

63-4 


N. K. De and B. N. Majumdar. 
Table ll—condd. 
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Kame of tbe material and description 
of the treatment applied. 

Vitamin-A content, 
per gramme (y). 

Vitamin content of 
treated material, 
per cent of that of 
untreated sample. 

7 

Cod-liver oil (ra'sv) 

600-0 

• . 


Cod-liver oil heated on •nater-batU for 
four hours in an open vessel, tempera- 
ture es'C. to lOO’C. 

170-0 

34-0 

i 

j Cod-liver oil hydro£;enated for four hours 
at gS^C. to 100°G. 

266-0 

63-0 

6 

Milk (uncooked) .. .. 

0-50 

• • 


„ juBt boiled .. ■ 

1 

0-62 per g. of 
original 
material. 

104-0 


„ concentrated by prolonged hoUing 

0-32 

64-0 


Curds prepared fiom the same milk by 
adding citric acid and keeping for 24 
bours at room temperature. 

0-49 

! 98-0 

9 

Milk (different sample) 

; 0-30 

% • 


Milk, just boiled 

0-28 

93-3 


Milk, concentrated by prolonged bailing 

0-19 

63-3 

10 

Mile (different sample) 

0-66 



Cords (sour milk) prepared from tbe 
same milk with lactic acid bacilli and 
fermenting for 48 hours at room tem- 
1 perature. 

0-50 

89-3 


Curds (sour milk) prepared from the 
same milk uith lactic acid bacilli and 
j fermenting for 48 hours at 37°C. 

0-38 

67-9 


Note . — Losses of carotene in butter and milk 
carotene only in very small quantities. 


■were not studied because butter and milk contain 


jlhsuussion. 

It is -well knowu that vitamin A inrlndlnfr 1 +.:. . 

destroyed by oxygen or oxidizing agents at b1gh\empeSm4 
vitamin A protected by the chemical ‘ environment ’ in TObir.b •+ ' • f ' e^theless 
of its natural sources is somewhat more resistant to rlestm 
assumed. Recent researches (Mendel loc cit \ 1nvf.n ^ was formerly 

its precursors) possesses sufficient stability, 'as^it e^iste^k 
undergo tie modem processes of food coiervation. Itfe hot^^atl 
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destruction of vitamin A or carotene is more marked when the potent factors are 
separated from the products witli wliicli they are associated in nature. 

In general vitamin A and carotene survive witli only a small loss of potency 
the culinary processes of civilized living. It appears that there has been an 
increasing tendency in France and in England to use domestic autoclaves 
for cooking food ; this practice must be detrimental to the vitamins A and C 
contained in food materials, since the temperature in the autoclaves reaches 
140°C. or more. 


Summary. 

1. In general the vitamin-A and carotene content of foodstuffs is not affected 
to any appreciable e.vtent by boiling in water in open vessels. 

2. The use of sodium bicarbonate and tamarind in cooking has no destructive 
influence on vdtamin A and carotene. Sodium bicarbonate hastens the process 
of cooking. 

3. Appreciable loss (10 to 22 per cent) of vitamin A occurs during the meltuig 
of butter into ghee, the amount of loss depending on the degree of heat applied. 

4. Both aeration and hydrogenation, and also heating on a water-bath in open 
vessels, were found to cause considerable destruction of the vitamin A contained m 
bfltter, ghee, cod-liver oil, and red-palm oil. 

5. Ghee used in frydng potato chips loses a considerable portion of its vitamin- 

• A content during each operation of frying. 

6. Prolonged heating causes a marked loss of vitamin A from milk. , 

7. Sour whole milk was found to be poorer in vitamin A than the original 
milk from which it was prepared ; the loss was more marked when the curd was 
prepared by fermenting milk at 37°C. than at room temperature (16°C. to 22°C.). 

8. No loss of vitamin A occurred in butter preserved for two weeks at 0°0. '• 
a definite loss was noted in the case of samples kept for the same period at room 
temperature and in the incubator respectively. 
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THE NITE0C4EN COMPLEX OF INDIAN FOODSTUFFS. 

CONDIMENTS ; PART II. CHILLIES (CAPSICUM ANNUM) AND 
CORIANDER SEEDS (CORIANDRUM SATIVUM). 


BY 

G. NARASIMHAMURTHY. 

(Nitirilion Research Lahorafories, LR. F. A.,Coo»oor, S. India.) 
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In a previous communication (Narasimliamurthy and Ranganathan, 1937), 
the results of investigations of the nitrogen complex of black pepper (Piper nigrum). 
and its value in nutrition were presented. Pepper is used as a condiment and is 
held to possess carminative properties. Chillies and coriander belong to the 
same group but are included in the Indian dietary in more liberal quantities than 
pepper. The present paper describes a study of the nitrogen complex of these 
condiments. 


The cultivation of chillies is largely confined to Madras, Bengal, Bombay, 
and the Punjab, the first mentioned being the largest producer. Official statistics 
show that, in the Madras Presidency, the acreage under chillies during 1931-35 
was 453,094 acres, an area roughly 43 per cent of the total area devoted to the 
cultivation of condiments. The most commonly grown variety is the long and 
seedy one (Capsicum annum). The crop is harvested when the fruits are ripe and 
scarlet ; the fruits are dried in the sun before consumption. Chillies are also not 
uncommonly eaten in the raw green state ; in this condition the foodstuff is a useful 
source of vitanain C. The extent of its use varies from place to place and no exact 
figure can be given. In the Northern Circars, where it is grown and consumed 
more extensively than in the rest of the country, its consumption may be as high 
as 12 to 15 grammes per head per day. 


Coriander is a minor condiment crop compared with chillies but is more 
extensively grown than pepper. In the Madras Presidency in the year 1934-35 it 
occupied 17 per cent of the total land under condiments, whereas pepper covered 
about 14 per cent. The crop is consumed when the fruits are ripe and dry 
The extent of its consumption is variable as in the case of chillies but in eeneral 
much smaller amounts are used in cooking. ° 
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lilxri:niMi:XTAL. 

The foodstuffs were milled lo pass through a oO-mesh sieve. Chemical analysis 
gave the following figures : — 


Chemical composition of chillies and coriander seeds. 



Jloisture. 

1 

Nitrogen. 

Fal. 

Fibre. 

1 

Ash, 1 

i 

1 Calcium. 

Phos- 

phorus. 

Iron. 

Carbo- 
hydrates 
by differ- 







1 


ence. 

Chillies . . 

S-f) 

2-35 

1 1 

G-24 

30-15 

1 

G*1 1 

1 

1 0-16 

0-37 

2-25 

31’23 

Coriander 

G-1 

2-37 

9-S 

32-5S 

4-39 

0‘G3 1 

1 

0-36 

17-94 

32-32 


Two series of experiments on the nitrogen complex were carried out. In one 
series, the pH levels and the temperature of the extracting media resembled tliose 
present in the alimentary* canal; in the other, the temperature and the concentration 
of salt used in cooking were simulated. In the first series, one part of the test 
material was extracted with 10 parts of the extracting media (water with varying 
quantities of salt) at dift'erent levels of pH for one hour at 37°C. In the second. 
40 parts of the extracting media were employed, and the operation was carried out 
for one hour, or half an hour, at 100°C. at two levels of pH. The dilution and 
salt concentration in this series corresponded to those found in two common prepara- 
tions, ‘ rasam ’ and ‘ sambar ’, which are courses in the South Indian meal. Easani 
is a dilute water extract of tamarind, salt, and chilly powder to which pepper powder 
is usually’’ added. ‘ Sambar ’ is a similar prej^aration containing dhal and vege- 
tables ; it is much thicker than rasam, corresponding in consistency to thick soup. 
Coriander seeds may be added to these jjreparations. 

Table I. 

Influence of pH and salt concentration on the extractable nitrogen of clnlhes 
and coriander seeds extracted for varions 2^eriods {quantities 

expressed as qiercentages of the ground material). _ 


1 

Salt (parts 
per cent), 
pH. 

Quantity of nitrogen extr.-icted 
from chillies. 

Quantity of nitrogen extracted 
from coriander seeds. 

0 

1 

2 

o 

O 

0 

1 

2 

1 ^ 

1-0 

1-15 

Exit 

1-06 

'•acted at 37 

1-lC 

°C. for one 

1-12 

hour. 

0-34 

0-34 

0-32 

0-30 

3-0 

1-OS 

1-01 

1-24 

1-14 

0-30 

0-29 

0-29 

032 

5-0 

1-OS 

1-17 

1-27 

1-33 

0-34 

0-34 

0-39 

0-38 

7-0 

1-21 

1-22 

1-23 

1-35 

0-57 

0-60 

0-55 

0-57 

9-0 

1-41 

1-47 

1-41 

1-39 

0-Gl 

0-72 

0-60 

0-57 
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Table I — conoid. 


\ 

Salt (parts > 

Quantity of nitrogen extracted 
from cMllies, 

Quantity of nitrogen extracted 
from coriander seeds. 

per cent), 
pH. 1 

0 

1 

2 

3 

0 j 

1 

2 

3 



Exfracfed nt 100°G. /or one how. 




1-0 

1-78 

1 1-16 

t 1-36 

1-25 

j 1-GO 

M8 

j o-oo 

, 0-81 

3-0 

1 1-07 

1 MO 

i M4 

1-07 

! 0-42 

0-53 

1 0-.70 

0-53 



Extracted at 100°<7. for half 

an hour. 




1-0 

1-67 

1-32 

1-18 

j M6 

j 1-5C 

0-68 

1 0*70 

1 

0-70 

3-0 

1-10 

1-07 

, MO 

j MO 

0-44 

0-61 

j 0-46 

0-42 


Tlie forms in which the nitrogen exists in these materials were also investigated. 
Albumins (in which is included the non-protein nitrogen), globulins, prolamins, and 
glutelins were determined. Details about the experimental procedure and the 
reagents used were given in the earlier publication (Narasimhamurthy and 
Eanganathan, loc. cit.). The results are summarized in Table II ; — 

Table II. 


Protein fractions in chillies and coriander seeds. 


Nitrogen, per 
cent as : — 

Albumins. 

Globulins. 

Prolamins. 

j Glutelins. 

j Non-extrac- 
table K. 

Ciullies , . ! 

1-06 

0-46 

0-13 

0-44 

0-26 

Coriander 

0-48 

0-06 

0-02 

0-15 

1-66 


The non-protein nitrogen of these two foodstufis was also determined by 
three procedures. The results are shown in Table III ; — 

Table III. 


Non-protein nitrogen of chillies and coriander seeds 
expressed as per cent of original material. 


CWllies 

0-74 

0-71 

0-74 

Coriander 

0-23 ! 

0-20 

0-23 


Method of 
Merincescu 
and Szabo 
(1936). 

Method of 
Avres and 
Lee (1936). 

Triohlor- 
acetio acid 
(2-0 per cent). 
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Tlic final series of experiments was carried out on samples rendered free from 
fat, the nitrogen distribution being studied by the method of van Slyke (1911) as 
modified by Flimmcr and Rosedalc (1925). Arginine and cystine were estimated 
in the basic fraction. Trj'^rtophanc and tyrosine were estimated separately on 
the fat-free material colorimctrically by the method of Folin and Meranzi (1929). 
In Table IV the results arc summarized : — 

Table IV. 


Nitrogen dislribittion in chillies and coriander {expressed 
as ])ercen(ages of the total nitrogen). 


• 

Clnllie.s. 

Coriander. 

Huniin (Melanin) . . 

10-643 

7-563 

Amide . . 

11-110 

14-042 

Basic, comprising : — 



Argiivine 

0-007 

7-711 

Histidine 

0-975 

1-256 

Cystine . . 

Nil 

Traces 

Lysine . . 

10-908 

3-4.S3 

Non.basic, comprising : — 



Amino . . 

52-710 

0-234 

Non-amino 

12-060 

! 

59-791 

Total 

99-403 

99-080 

Amino acids estimated on the 
fat-free material ; — 



Tyrosine (direct estimation) . . 

0-924 

1-890 

Tryptophane „ 

0-262 

0-372 


Discussion. 


Ill the case of chillies, the major portion of the nitrogen is extracted . 

resembling those employed in cooking and those occurring in igj. 

Or this available nitrogen over 40 per cent is in the ‘ non-protein ’ form. . 

similar conditions of temperature, pH, and salt concentration, coriander seec 
•t with a corresponding proportion of their nitrogen. Chillies are superm 


no part with a corresponding proportion of their nitrogen, — — 

corian er seeds in their content of readily available forms of protein, e.g-j 
and globulin 


albumin 
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Cystine is not present, or is present in very small amount, in both foodstuffs. 
Its absence from the basic fraction raises the figure for lysine, which is calculated 
by difference. Tryptophane and histidine, two of the amino acids which are of 
importance in nutrition, are present in small quantities. It thus appears that the 
amino "acid composition of these condiments is not such as to make them valuable 
as supplements to diets containing insufficient protein of high biological value. 

Summary. 

1. Chillies and coriander seeds were analysed for the available protein and 
non-protein fractions of their nitrogen complex. The nitrogen distribution in the 
nitrogen complex was studied by the van Slyke technique. The proportion of 
extractable nitrogen in the former was greater than in the latter. 

2. Cystine was found to be absent from both foodstuffs, while tryptophane 
and histidine were present in very small amounts, 

REFERENCES. 

Avres, G. R., and Lee, M. (1936) .. Jom. Biol. Chem., 115, p. 139, 

Foein, 0., and Meeanzi, A, D. (1929) , . Ibid., 83, p. 89. 

Mezincescu, M. D., and Szabo, F. (1936) Ibid., 115, p. 131. 

Narasimhamckthv, G., and Ranoasathan, Ind. Jonr. Med. Mes., 24, p. 373. 

S. (1937). 

PuMMER, R. H. A., and Rosedaee, J. Bioehem. Jour., 19, p. 1004. 

(1925). 

VAN Slyke, D. D, (1911) .. Jmir. Biof. Cftem., 10, p. 16. 


J, MR 


3 




Jnd. Jour. Med. Res., 2S, 4, April, 193S. 


THE AVAILABILITY OE PHOSPHORUS PROM INDIAN 

EOODSTUPFS. 


BY 

K. Y. GIRI. 

(From the Department of Biochemistry, Indian Insiitvte of Science, 

Bangalore.) 

[Received for publication, December 29, 1937-3 

The mineral requirements of man have received considerable attention during 
recent years, and interest has mainly been confined to the study of calcium, phos- 
phorus, and iron requirements. A deficiency in the intake of these minerals brings 
about certain types of diseases like rickets, aneemia, general weakness, and other 
pathological derangements. 

It is now being recognized that the degree of absorption of these constituents 
into the body is dependent on the form in which they are supplied. The mineral 
salts present in foodstuffs may be unavailable if they are in some form which can- 
not be absorbed. A careful survey of foodstuffs generally consumed by people, 
with respect to their availability of minerals, is therefore the most important item 
in nutrition. 

Ever since the discovery by E. Mellanby (1918) and M. Mellanby (1918) that 
high cereal diet causes faulty skeletal development and poor teeth in dogs and rats, 
attention was directed by workers on nutrition to the study of the agent responsible 
for the poor calcifying properties of cereal grains. Later work led E. Mellanby 
(1926) to suggest the existence in cereal grains of some distinct rachitogenic substances 
or anti-vitamins, which he called toxamins. Further researches have definite! y 
established the anti-calcifying effect of cereals on teeth (M. Mellanby, 1928, 1929 ; 
King and Hall, 1931). Later workers have tried to ascribe the rachitogenic effect 
of cereals to factors other than toxamins. Thus, Fine (1930) showed that the 
difference between cereals with regard to their rachitogenic properties is due to the 
difference m vitamin-D content, while Bruce and Callow (1934) state ‘ the apparent 
rachitogenic effect of cereals when compared with other material of the same phos- 
phorus content IS due to the fact that cereal phosphorus is not in an available form ’ 
and that the inferiority of oat meal is due to the lower availability of its phosphorus' 
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870 The Availnhilily of Phosjuhorm from Indian Foodstnffs. 

present cliiefly as pliytin. The fate of ingested jdiytin in tlie Imman body was 
investigated by hfcCanco and AViddowson (1935), wlio found tliat 20 to 60 per cent 
of the ph}i:in was excreted iincliangcd in the heces. Ecccntly, Lowe and Steenbock 
(1936) have definitely established that phytin is a poorly available source of phos- 
phorus when fed to the rat in contrast with phosphoric acid and sodium glycero- 
phosphate, 

Pliosphorus is present in foodstiilTs in part in the form of phytin (calcium- 
magnesium salt of inositol hexaphosphoric acid). Since it is now generally agreed 
that phytin phosphorus in foods is not available for nutrition, because it passes 
through the intestine unchanged, and docs not serve as a source of phosphorus 
to the body, it is clear that a knowledge of the total phosphorus in a foodstuff is of 
less value from a dietetic standpoint. A knowledge of the non-phytin phosphorus 
is probably of much more value although it cannot be assumed that the whole of 
this phosphorus will be available or that the whole of the phytin phosphorus will be 
unavailable. Further, in view of the suggestion made by Lowe and Steenbock 
{loc. cit.) that ‘ in considering the mode of hy^’drotysis of phytin in the intestine it is 
obvious that the phytase of the flora of the gastro-intestinal tract as well as the 
phytase ingested with the food warrant intensive investigation it is appatent 
that unquestionably data on the phy'^tase activities of foodstuffs should be obtained. 
The object of the present investigation was to present and interpret data from the 
analysis of a large number of tyypical Indian foods, w’itli respect to their total 
phosphorus, phy’^tin phosphorus, and phytase activity\ 


Experimentai.. 

All the food materials used in the present study were obtained fresh from the 
market. Care was taken to select only fresh and representative specimens. IinmC' 
diately upon reaching the laboratory the plant materials were prepaiecUor 
analysis. The edible portion of the plants were separated from the non-ecbblc, 
which was discarded. _ A small part of the fresh edible portion of each spejen 
was taken for the moisture determination and the remainder was dried at 45 t- ^ 
60 C. Some materials which tended to become mouldyq when dried at low tenip^^^ 
ture, were heated in an oven at a temperature of about 80°C. to 90°C. until sum- 
ciently dry. All the samples when dried wmre ground to a fine powder, and kep 
well-stoppered bottles. 

_ The foodstuffs were analysed for moisture, total P, phytin P, and phytase 
activity. 

Moisture. Tlie moisture content was determined by’’ heating a 

^ constant w-eight in an electric oven at a temperature of a’ 

xvO O. 


Toml phosphorus . dried material (dried at 50°C.) was digested uith 
perchloric-sulphuric acid mixture as recommended by King (1932). T 
mixture, after neutralization, was made up to a knowm volume and 
^Abarow (19'>5^ determined colorimetricalK by the method of Fmke 
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Vhjlhi j)/iosp7ior!/s.— -Determinations of ph)-tin pliospliorus were made 
according to McCance and Widdowson s (Zoc. cit.) metliod. 

Phjtasc. The prcj)aralion of materials for exlraction of the enzyme. — ^Tlie cereals 
were powdered well and passed through a 60-mesh sieve. Tubers and green vege- 
tables were ground fresh in a mincing machine and the shredded pulp was 
immediately used for extraction. Fresir leafy vegetable,s were similarly treated, 
and tlje sliredded pulp was directly used for extraction. 

Preparation of active e.r/r«cts.— Ten-gramme lots of the powdered cereals, oil 
seeds and nuts were extracted with 50 c.c. of toluenated water for 24 hours 
at room temperature (26°C. to 29°C.) and filtered. The filtrate was directly 
used for the determination of the activity. In the case of seeds {soya bean) 
which contain high concentrations of tJic enzyme, the volume of the water 
• used for extraction was proportionately increased. The same procedure was 
adopted for the preparation of active extracts from vegetables, tubers, and 
leaves. 

Determination of phjtase activity. —The activity of the phytase was determined 
at pH 5-2 and at 35‘’±0T°C. The reaction mixture contained 10 mg. of 
phytin phosphorus. Sodium salt of inositol hexaphosphoric acid was used, as 
substrate. Five c.c. of the aqueous extract were used for activity determination. 
The reaction was allowed to proceed for 6 hours and the inorganic phosphorus 
released was determined in 10 c.c. of the reaction mixture. From the value 
thus obtained the activity of the phytase contained in the total volume of the 
extract corresponding to 1 gramme of dry material was calculated. The figures 
given in the Table represent the relative activities of the phytase contained 
in the aqueous extract, which correspond to 1 gramme of the moisture-free 
material. 


Preparation of the sodiwn salt of inositol hemphosphoric acid. — The salt was 
prepared hy the method of Posternak (1919) with slight modification. 

- Five grammes of phytin (Kahlbaum) were dissolved in 20 c.c. of N/2 hydro- 
chloric acid, and ferric chloride solution was added until a persisting yellow colour 
was formed. The ferric salt of inositol hexaphosphoric acid was precipitated, 
while the inorganic iron phosphate remained dissolved in the acid solution. The 
ferric salt was removed by filtration, washed repeatedly with water, and a homo- 
geneous suspension of it was made in water. Pure normal sodium hydroxide solution 
was slowly added to the suspension of the ferric salt under constant stirring, until 
a drop of the mixture, when placed on a filter-paper, formed a brown spot with a 
colourless edge. It was then filtered and washed. To the filtrate was added half 
its volume of alcohol, and kept in an ice-chest overm'ght. A syrupy crystalline 
mass separated at the bottom of the flask. The alcohol was removed by decanta- 
tion and the crystalline viscous mass was again dissolved in water and heated on a 
water-bath, m order to drive off traces of alcohol and excess of water. On cooline 
the sodium salt of inositol hexaphosphoric acid crystallized out. The pure salt was 
dissolved m water, and ^ed after suitable dilution as substrate for the phvtase 
activity determination. The solution was diluted to contain 10 mg. of total ' p S 
o c>c* ^ 
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Discussion. 

The data presented above show coneJusively that a large part (50 to 70 per cent) 
of the phosphorus contained in cereals commonly used in India as food materials is 
present as phytin P, which is gcnerall}’’ considered as not available for nutrition. 
Thus 50 to 70 per cent of P jircsent in rice, ragi, and cholam is in the form of phytin. 
On polishing the cereals (rice and wheat) the total P, as well as the percentage of 
phytin P, decreases. Oil seeds and nuts also contain phytin in large amounts, 
while the percentage of phytin P contained in tubers is very little. Green vegetables 
and leafy vegetables do not contain phytin, thereby' showing that the P contained 
in these foodstuffs is completely' available for nutrition. 

Further, the experimental results would show that the phytin content decreases 
on soaking the seeds in water. This is particularly' of interest in view of the fact 
that soaking seeds, before they' are used for the preparation of certain foods, is one 
of the items in culinary' practices in India. 

The phy'tin content of cereals is found to increase with the ripening of the 
grain, and the concentration of phy'tin seems to be highest with the lowest activity 
of the phy'tase present in the seed. Thus, it can be seen from the Table that the 
phytin content of immature maize is lower than that of mature maize of the 
same variety'. Immature maize is therefore a better source of available P than 
the mature one. In view of the fact that in India maize is eaten by a large 
section of the poor, these observations are of interest in showing the superiority 
of the immature grain over that of the mature one, from the point of view oi 
P availability'. 

The effect of cooking on the phytin content of ragi has been investigated and 
the results show that the change in the phy'tin content as a result of cooking is very 
little. Further work on the effect of cooking and other culinary practices on the . 
phytin content of foodstuffs is in progress. 

The unavailability of phytin P is an indication of the absence of enzymes in the 
intestine which hydrolyse phytin. Plimmer (1913) showed for the first time that 
phytin is not hydrolysed by the enzymes of the digestive tract of aniinals. Lowe 
and Steenbock {loc. cit.) also found no evidence for the enzymic hydrolysis of phytm 
by the extracts of the intestine from the rat and the chick. Kecently, however, 
Patwardhan (1937) has reported that an enzy'me capable of hydrolyshig phytmis 
found in the intestines of albino rats, and that the extracts of the intestines of guinea- 
pigs and rabbits are inactive or very feebly active towards phytin. Even assuming 
that phytase is present in the intestines, the activity of the enzy'me is very ov 
compared to that of the enzy'me present in fresh vegetables. The phy'tase o 
vegetables renders the phytin P available for nutrition by hydrolysing it 
inorganic phosphorus. An examination of the results in the Table brings out some 
interesting correlations between the ‘ available ’ non-phytin P and phytase contents 
of foodstuffs. The phytase activities of tubers, roots, fresh vegetables, and 

Ligh compared to those of cereals which contain less than 60 per een 
the P as available non-phytin P. Thus, the higher the phytase activity the grea 
is the amount of non-phytin P content of foodstuffs. Foodstuffs which coiita 
phy tase, i consumed raw along with other cooked cereal foods, would bring ^ p 
t le com ersion of phytin P. which is of poor nutritional availability into inorganic 
which IS an easily available form of P. The nutritionist might question the practic 
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significauce of tlic presence of this enzyme in high concentrations in fresh vegetables, 
tubers, and leaves. The author bcHeves that evidence presented in this paper, 
as well as several observations previously recorded in the literature (Lowe and 
Stecnbock, loc. ciL), points to the great importance of this enzyme from the stand- 
point of phytin nutrition. 


Summary. 

Cereals, pulses, oil seeds and nuts, vegetables and tubers, commonly used in 
Indian dietary, were tested for their total P, phytin P, and phytase content; A 
large part (50 to 70 per cent) of the phosphorus contained in cereals commonly 
used in India is present as phytin, which is not available for nutrition. Pulses, 
oil seeds, and nuts contain 20 to 60 per cent of the phosphorus as phjdin P, while 
roots and tubers contain very little of phytin P. Green vegetables and leafy 
vegetables do not contain phytin, thereby showing that the phosphorus contained 
in these foodstuffs is completely available for nutrition. 

The phytin content is found to increase on soaking the seeds in water. With 
the ripening of the grain there is an increase in the phytin content. Immature 
grains are therefore better sources of available phosphorus than mature ones. The 
phytase activities of tubers, vegetables, and leaves ate found to be very high com- 
pared to those of cereals. The importance of this enzyme in phytin nutrition is 
di.scussed. 
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liand, egg-white is rich in the extrinsic factor, while Bg is said to be absent (Miller 
and Ehoades, 1934,). Yeast has been shown to be a potent source of all those 
factors but so far the absence of either Bo or flavine in the diet of the rat has failed 
to produce any type of anaemia in this animal. The fact, however, that Be has 
been showm to be present in the muscle tissue of animals, birds, and fish would 
suggest that it is a component of human ti.ssuc and probably a dietary essential. 
The presence of Bf, in human muscle could of course easily be tested for hy 
biological assay. 

These facts, however, justify the analysis of Indian foods with a view to 
ascertaining by concomitant diet and clinical surveys in difierent areas whether 
there is a correlation betw^een any morbid condition and the distribution of those 
substances in the diet. The data collected here include the flavine content of 
some 90 and the vitamin Bo of some 40 Indian foodstuffs. 


Estimation of flavine. 

Four different methods have been employed in the investigation of the flavine 
content of Indian foods, one biological assay, and three separate chemical processes. 
As regards the biological assay Gyorgy {loc. cii.) has shown that on the rat the 
addition of 7y flavine per day to an otherwise adequate diet is sufficient to cure the 
synnptoms and produce a grow'th of 10 g. per wmelc. This amount of flavine has 
then been taken to be present in that quantity of a foodstuff which permits a growth 
rate of 10 g. per w'eek for four weeks. The following basal diet and supplements 
were given ; — 

Per cent. 

Basal diet — 


casein, B. D. H., light wdiite . , . . 20 

sucrose . . . . . , . . 69 

coco-nut oil . . . . . . . . 3 

McCollum’s salt mixture . . . . . . 4 

cod-liver oil . . , . . . ■ . . 2 

agar agar . . . . , . . . 2 


Svpplements — 

Bi extract equivalent to 2 g. veast per day [prepared 
according to Kinnersley, O’Brien and Peters’ (1933) 
method]. 

"Wheat germ extract equivalent to 1 g. germ [prepared 
according to Birch and Gyorgy (1936).] 

The animals were kept on the diet until grow’^th ceased and then the minimn^ 
quantity of the foodstuff which produced the standard rate of growth was asca 
tained. 


Chemical methods. 

Theoretically the amount of flavine present in an extract of a 
be estimated directly by the colorimeter were it not for the fact that many is 
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contain other colouring matter which vitiates the results. The elimination of 
those pigments can, however, be achieved in a large measure by adsorbing the 
flavine on Tuller’s earth followed by elution. Van Eekelen and Emmerie (1935) 
found, however, that the complete elimination of other pigments was not attained. 
This was also our experience. There are krrowu, however, to be great differences 
in the adsorption capacity of different adsorbents even for the same substance. 
For this reason it was considered advisable to adopt another technique. The 
estimation of flavine in the form of its irradiated product, lumiflavine. offers several 
advantages. Lumiflavine like flavine is both fluorescent and has a yellow colour. 
Lumiflavine is soluble in chloioform and hence can be separated from other pigments 
by solution in this medium and estimated colorimetrically or by the degree of 
fluorescence. A disadvantage attending this method ties in the fact that the 
complete transformation of flavine into lumiflavine is not attained— at least when 
small quantities are present. Possibly there is a certain amount of destruction 
of the flavine during irradiation. It is hoped, however, that the adoption of the 
technique worked out for the fluorescence measurement will eliminate this source 
of error. 

A tliird chemical method consists in oxidizing an extract of tissue with acid 
potassium permanganate that destroys all pigments except flavine which can 
then be estimated directly in the colorimeter. 


Technique of lumiflavine eslimaiion. 

The method employed is essentially that of Warburg and Christian as 
modified by Kuhn and Wagner- Jauregg (1935). One hundred grammes of the 
foodstuff were crushed and the juice expressed through muslin. Methanol was 
then added to the extract to bring the concentration up to 50 per cent. The pulp 
wa.s then added, the whole acidified, boiled for ten minutes, and filtered. The 
pulp was again boiled in 50 per cent methanol and re-filtered. This process was 
then repeated until the filtrates were colourless. The combined extracts after 
washing in chloroform were then made N /2 alkaline with KaOH solution and placed 
under a 500-Watt lamp at a distance of 20 cm. to 30 cm. and exposed for two hours 
and twenty minutes. During irradiation the solution was surrounded by water 
and ice in order to keep the temperature below 20°C. The solution was then 
acidified to pH 4-0 with acetic acid and extracted repeatedly with chloroform 
until all the lumiflavine had been taken out. The chloroform solution after 
dehydrating with anhydrous sodium sulphate was concentrated at a low temperature 
over an electric light. During the process of extraction and concentration the 
lutniflavine was protected from light by means of black paper covering the flasks 
This solution was then employed for the estimation of flavine both colorimetrically 
and by means of its fluorescence. The former was carried out with a Pulfrich 


1 cm. 


= 4 - 3 . 


photometer using filter 47 and E (lumifiavinel = 

’ 100 ^/c.c. 

For the estimation of the fluorescence of lumiflavine a special curve was made 
from irradiated flavine solutions and calibrated against a uranium glass plate Sit 
the Pulfrich photometer and an ultra-violet source of light. In the tSenarSion 
of the graph pure crystalline lactoflavine was made up in seve? Srem 
conoentehom from 5^10,- -35y. Hess we all irradlLcl aa/extoShy 
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tlie metliocl oxitlined above and after bringing to pH 4-0 calibrated against tlie 
uranium glass plate. The original concentration of lactoflavine taken was then 
plotted against the degree of fluorescence obtained from the lumiflavine. By this 
means it is hoped errors due to the partial transformation of flavine at different 
concentrations were eliminated. 


Flavine eslimation hy means of oriilalion with permanganate. 

The method is essentially that of van Eckelen and Emmerie {loc. cil.). To 
20 c.c. of the original 50 per cent methanol extract were added 2 c.c. glacial acetic 
acid and 2 c.c. saturated solution of potassium permanganate solution. After 
standing at room temperature for ten minutes 1 c.c. of H 2 O 2 (6 per cent) was added, 
the solution filtered, and the flavine estimated color imctrically in the photometer 

using filter 47 and E (flavine) = ~ ^ 


Estimation of vitamin Bq. 

The biological assay of this factor is much more tedious and arbitrary than 
that of flavine. The animals must be kept on a diet absolutely free 
even then it takes some time before the symptoms develop. A number of drfieren 
diets was tried until finally we bred young from specially fed mothers. Pregnan 
females were given the following diet ; khoi (fried paddy), bread, milk, and carro s. 
This was continued until the tenth day of lactation when milk was given only twic 
a week. On weaning the young were put on the diet used in the flavine assay 
lOy crystalline Bi and lOy pure crystalline flavine were given daily as supplein®D 
A discussion of the effect of different diets on the production of dermatitis wi 
treated in another paper. It will suffice to state that the above diet 
oil replacing hydrogenated vegetable oil) used by Bender and Supplee (193o) ya 
found to be the most effective. An increase in the fat intake and a 
of another carbohydrate for sucrose reduced the incidence of dermatitis, 
this diet 75 per cent of the animals became affected in about five weeks. 
soon as the typical symptoms appeared a small quantity of the foodstuff to ^ 
tested was given each day. If no improvement in the animal’s general conci 
was noted in a day or two this quantity was immediately increased. It 
not always possible to wait until the animal had developed a moderate or se 
dermatitis as it often died without warning. In general, however, once we 
tested a sample of each of the typical foods the amount of trial and ggs 

to ascertain the minimum quantity to effect a cure was reduced. As the proc 
of depletion was tedious and the rat could be used only once we were 
adopt this somewhat arbitrary technique. The unit of Bg adopted by b; 
(19356) is contained in the minimum quantity of the foodstuff fed daily w , 
effective in curing the condition. The following method for expressing 
of units of Bg has been adopted. The tyme of dermatitis was classified into m 
types, namely, mild, moderate, and severe. A unit of Bo was said to be p 
in the imnimum quantity of the food which effected a cure of the moderate l 
of dermatitis m seven days. MTiere the cure takes place in four, six, eig > 
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nine days, etc., + 4, + 

was mild or severe -j- or — 20 per cent was added to tne above ligure. xlie 
units of ]B(j (riven in Table 11 bavc all been calculated on a 100 g. basis. It ■will 
be appreciated that tliis scliemo is extremely arbitrary but it will suffice to show 
in general what foods are ricli in tliis particular substance until .such time as a 
suitable chemical tcchniipic has been worked out. 

Discussion. 

The values obtained for flavine by all the different methods are given in Table I 
along with those found bv other workers (Murthy, 1937) in Coonoor and in 
Geri^any (Kuhn and iVagner-Jauregg. loc. cif.j. It will be noted that the average 
of the biological assav differs from those obtained by chemical means. This we 
think is due to the fact that the biological assay represents the mean of a con- 
siderable quantity of different samples of the foodstuff consumed over a period of 
time while the chemical estimation is carried out on one sample. In general we 
think that the average of the biological assay is the more reliable and for 
practical purposes the one to adopt in assessing a diet. There is alwa,ys, how- 
ever, the possibility to be kept in mind that the biological assay in view of its 
technique, i.e., rate of growth, may measure some other factor in addition. 
Among the foodstuffs which are rich in this factor are the pulses and legumes 
above all grams, and to a certain extent the leafy vegetables, namely, palang 
and puin saks. The fruits and vegetables vary considerably but on the whole 
are distinctly poor in flavine. 

As regards vitamin Bg (Table II) from the few analyses available it is apparent 
that the cereals are a good source of this factor while fruits and vegetables, 
especially the orange and tomato, contain relatively little. Fish falls midway 
between. 

During the progress of this work evidence has been accumulating (Edgar and 
Macrae, 1937 ; Halliday and Evans, 1937) which tends to confirm the presence in 
foodstuffs of a filtrate factor apart from flavine and Be which is necessary for tlie 
growth of the rat. The existence of this factor may possibly explain, to a certain 
extent, the higher values for flavine obtained by the assay as compared to the 
chemical methods. These animals received a wheat germ extract equivalent to 
1 g. germ which undoubtedly contained this substance as evidenced by the response 
to flavine alone or in test foods but possibly in inadequate amount. Experiments 
are in progress to test the potency of the dose fed in those assays. Those 
findings, however, do not vitiate the results of the Be assay as the test depended 
on the cure of the specific condition, viz., dermatitis. 


Summary. 

The estimation of the flavine content of 90 Indian foodstuffs has been carried 

Toe?? r'’ chemical methods. The estimation of vitamin Br 

n Indian foodstuffs has been carried out b}' biological assay. 

The pulses followed by the leafy vegetables are good sources while the fruits 

"fish Much the same relative distribution has been noted for B 

fish tissue, however, being a moderately good source. 

J, MR 


4 
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Table II. 


! 

Ko. , 

1 

Name of fooclfiliifT. j 

1 

Bofanieal name. 

Units of Bf, 
per 100 g. 


Green Uafy rcgrlalUs or sahs . — j 



1 

1 

I.elliice .. .. 1 

LuHuca ■•.alira 

2.5'C 

2 

Pfilaiig silk (spinaoli) . . 1 

Sfiinacia olcmria 

17-6 

o 

Palis sak .. .. j 

Tr;frhosa»lh‘'s dioi'ca 

27-4 

4 

Kmiira sSk (pumpkin leaves) ] 

Cncurbita maxima 

25-0 

1 




5 

! 

Cabkaoo 

Erassica okracca 

1 12-0 

1 

C 1 

1 

Tomato . . . . i 

Lycopirsicnm cseulrntus ‘ 

1 It-0 

1 

Potato . . . . ' 

Solanttm luherosum 

2.7-0 

8 

Uchehe , . . . 5 

ilomnrdica ehnraiiiin 

17-4 

9 

Patol , . . . Trirlimantho iliokn 

20'6 

10 

■Things (ridge gourd) . . j Lvffa (irnian^ula 

20'0 

11 

Kumra (pumpkin) 

CitetirhUa maxima 

O'S 


CereaU . — 



12 

Atta . . . , 

Trilienm mihjare 

56'5 

13 

i Bice tunpoli'-hed) 

Ortjro, saliva 

43-6 


Pulses and iejumes. — 



u’ 1 

Gram . . . . ' 

i 

Ciccr aritlinum 

162-0 

15 ■ 

Arhar . . . . 

Cajanws indicus 

50-0 

16 

Lentil . . . . 

Lens cscuhnta 

42-6 

17 

Black mung 

Phaseolus mango 

5G-.5 


Fruits. — 



18 

Guava 

Psidinm giiyava 

27-4 

19 

Orange 

Citrus aiiranlium 

7-8 per 
100 c.c. 

20 

Papaya 

Carica papaya 

22-6 

21 

Pear 

Pynis r.07nmunis 

23-0 

22 


Pyrus rnalas 

19-0 
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Table ll—concld. 


m. 

Name of foodstuff. 

f 

Botanical name. 

i 

Units of Bj 
per 100 g. 


Animal foods . — 

i 

i 

23 

Hilsa fisli 

Clupea ilisha 

24-3 

24 

1 

Tangra fisli 

i 

Mysltis tengara 

60-6 

25 

Katla fish 

* * 

60-0 

26 

PrauTi 

. . 

56-5 


Miscellantous . — 



27 

Yeast (dry) . . . . 

• 

506-0 

28 

Marmile . . . . 


126-6 
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‘AVAILABLE’ IRON IN INDIAN FOODSTUFFS. 

BY 

H. GOSWAMI, M.sc. (Cal), 

AND 

u. p. BASU, D.sc., V.R.S. (Cal), 

{Froin the Bengal hnmimly Research Laboratory, Calcutta.) 


[Received for publication, Ifcccitiber 18, 1937.] 


The lecent growth of interest on the probleoi of nutrition has resulted in the 
assaying of various coffimoii Indian food.stuffs. But it may be pointed out that 
the usual method of ash analyses generally over-estimates the percentages of mineral 
present in them. This is especially true ofiron since it has been shown by Elvehjem 
and his collaborators (1933, 1934a and b) that the hsematopoietic value of a food 
is not represented by its total iron content but on the ionizablc or^ available 
portion of it {cf. Shackleton and McCance, 1936). The plant and animal tissues 
contain varying amounts of hsematin iron which cannot be utilized for heemoglobin 
formation (Elvehiem, 1932 ; Lintzel, 1928). These researches have further revealed 
that the available portion of iron in any food corresponds closely with the form 
of iron estimated by Hill’s (1930) dipyiidyl method. A knowledge of the iron 
content of some Indian foodstuffs would, therefore, be of importance not only 
for public health workers but also for clinicians as in treating cases of 
hypochromic anaemia, either available iron salts or foods rich in iron are now 
regarded as a specific remedy. This would further be of an additional interest as 
ansemia is present in a considerable percentage of Indian infants, growing children, 
pregnant women, and nursing mothers— the classes of the community which are 
particularly likely to suffer if their diet is not rich in ‘ available ’ iron. 

Advantage was taken of the researches of Kanganathan et al. (1937) in 
selecting most of the materials to be analysed. The foodstuffs with which the 
experiments were carried out were all obtained from the local market ; pala was 
secured from the district of Barisal and soya beans from Darjeeling. In cases of 
pulses, rice, and similar products the materials were washed with distilled water 
and dried at about 37°C. The leafy vegetables were carefully washed and dried 
at room temperature in a dust-free .atmosphere. The nuts, spices, and cereal 
foods were directly weighed /or analysis. Thus, in short, each of the materials 
was treated m a way which is usually followed in its normal consumption. 
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‘ Available ’ Iron in Indian Foodstuffs. 


Exi'erimuntal. 

Estimation of total iron . — The sample of ilic materials (about 2 g. to 5 g.) was 
weighed directly in a platinum crucible or basin and gently heated over a small 
flame. The temperature was gradually raised to red-heat when a dark mass was 
left behind. This was moistened with dilute sulphuric acid and heated slowly to 
obtain a white to light reddisli-brown residue. It was once more treated with a 
drop of dilute sulphuric acid, heated slowl}' until fumes of sulphuric acid were 
evolved, and kept at that temjjerature for a few minutes. The solid thus obtained 
was dissolved in water and dilute iron-free ammonium hydroxide was added to 
bring the pH of the solution to near about 5. "With the addition of h 5 'droquinone 
(1 g.), the solution was filtered into a 100 c.c. measuring flask, 5 c.c. of a 0'2 per 
cent solution of a, a' dipyridine -were added, and the volume was made up to the 
mark. After leaving aside for three to four hours the colour of the solution was 
compared ■with a standard made from ferrous ammonium sulphate (reagent 
quality), in a Klett colorimeter. In certain cases the results were verified by 
determining the iron percentages by the usual thiocyanate-amylalcohol extraction 
method. 

Estimation of ‘ available ’ iron . — Here the method of Hill as modified by 
Kohler et al. (1936) was followed. The sample was cut into fine pieces in the case 
of soft materials or finely powdered in the case of dry materials in such a way that 
no contamination with any iron might occur. Two to five grammes in case of dried 
or hard materials and 10 g. to 25 g. in case of fresh and bulky products were taken 
in a stoppered measuring cjdinder, and 10 c.c. of 10 per cent acetic acid, a gramme 
of chemically pure hydroquinone, and 5 c.c. of 0’2 per cent of a, a dipyridine were 
added. The cylinder wms then kept in an air-tight condition for 24 to 72 hours 
and then after the addition of 10 c.c. of 7*5 per cent lead acetate solution, it w'as again 
left over for 24 hours. It wms subsequently either centrifuged or filtered and com- 
pared with the standard. In order to obtain an optically clear solution the addition 
of alcohol often seemed necessaiy’^ before final filtration. The results obtained in 
both the estimations from an average of three samples are recorded in Table I. 
From the two sets the relative percentages of the ‘ available ’ iron in each of the 
food materials have again been calculated and recorded in the last column. 


Table I. 


Namf. of foodstuff. 

Pfrcentaof. of 

IKON, IN AIG. 

Relative 

percent- 

Eetipali. 

English. Botanical. 

Total. 

‘Avail- 
able ’. 

ages. 

Chaul (sitklhn) . . 

Eire, p.irhoilctl, Oryza i^alira 

home i)oimclecI. 

1*05 

i 

0-88 

83-8 

•• 

Kicc. jiarboilecl, 
milled. 

0-732 

0-54 

73-8 

„ (atap) . . 

Rice, raw, milled 

1-32 

1-02 

77-2 
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Takm I — ctntid. 



JCvMK or rooiii-Trrr. 

PnitC'KKTAGE or 
InO^^ IN’ MO. 

Relative 

percent- 

Bengali. 

i 

r.nglirii. j 

Botanic a], , 

1 

Total. 

‘ Avail- 
able ’. 

ages. 

Chira 

Rico, beaten 

Ory:(t snliro 

r>-5 1 

L46 

33-4 

Klioi 

„ j.iitTcd 


O-G 

L.GO 

22-7 

Moori 

fried 


r,-rj 

LO.-. 

30-0 

Atta 

\Vh''at 

Triliriim riilynre 


2-74 

49-9S 

Paiti 

Brown bread 

tf 

OSS 

0-77 

67-5 

Sagii 

Sago 

Metroxylon sngn j 

1-S7 

Lor. 

SG-24 

Biili (sati) 


CitTcnmn z^'othria i 

d-12 

3-7 

72-3 

Suii 

Semolina 

i 

Trifintm rnigare | 

2-90 

1-77 

60-0 

Bariev 

Barlci 

Horiletnn >;uhjare | 

2-fiO 

L25 

60-0 

Cbhola 

Horse gram 

1 

Dolirhos biflorvs j 

5-eo 

3-16 

56-3 


Bengal gram 

Cirer nrktintm J 

9-4 

5-84 

G2-12 

Mung dhal (kacha) 

Blark gram 
(unroasted). 

f 

Phuieohis mungo | 

I 

2*2 

L92 

87-2.8 

„ (roasted) 

Black gram 
(roasted). 

’• 1 

lO-S 

8-79 

81-39 

„ (sona) .. 

Black gram 
(roasted). 

„ var. Linn 

7-33 

5-78 

78-85 

Mas katai 

Green gram 

Phasevht'i raiJiatus 

3-99 

2-8 

G4-0 

Arliar tllial 

Red gram 

Cojamit iniUcm 

8-9 

•G-S 

C5-16 

Monsnr (Dial 

I enti! 

1 Lens esciiknl't 

3-14 

2-04 

84-09 


Soja bean (black) 

, Olyrine Inijiiilit 

6-87 

6-lC 

90-0 


„ ('ibite, 

small). 

9f 

4-OG 

3-fiG 

97-5 

Motor suti 

Peas (fresh) 

1 

Pisitm sativum 

1-34 

M5 

85-82 


French bean 

Plmseohts vulgaris 

LOS 

0-798 

73-89 

Gajar 

Carrot 

T)ancus caroia 

o-6r> 

0-48 

73-84 

Oclihche 

Bitler gourd 

Mo7twr(/ica charantia 

l-GG 

0-704 

42*2 

Bbaros 

Lady’s fingers 

Hibiscus escuknlns 

M 

0-73 

66-3G 
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Table I — concld. 



Name op roonsTurr. 

i Pehcentaoe of 

I IRON, IN MO. 

Eelative 

percent- 

Bengali. 

English. 

Botanical. 

1 

Total. 

‘ Avail- 
able ’. 

ages. 

Kala (fresb) 

Banana (unripe) 

Musa sapicnlum 

0-22 

0-099 

45-0 

Palane sak 

Spinach 

Spinacia oleraccn 

6-4 

2-42 

37-8 

Pudina 

Mint 

Menlha viridis 

16-R5 

8-8 

62-23 

Puin sak 

•• 

Basscla cardifolia 

1-41 

0-31 

22-0’ 

Neem 

Necm 

A zcdirachla iudint 

6-8 

1-698 

25-0 

Chapa kala 

Banana (riiic) 

Musa sapienlum 

0-25 

0-16S 

67-61 

Martaman kala 


>> 

0-23 

0-176 

76-5 

Pesta 

Pistachio nut 

Pislacia vera 

6-63 

2-87 

43-95 

Badam 

Almond 

Prunas amygdalis 

4-95 

4-4 

88-9 

Altrote 

Walnut 

J ugJans regia 

3-03 

2-2 

72-6 

China badam . . 

Ground-nut 

(roasted). 

AracMs hypogea 

1-7 

0-6 

35-3 

Jamrnl 



0-012 

0-008 

83-9 

Pan 

Betel leaves 

Piper betel 

2-6 

0-97 

37-3 

Kakmacbi 

• • 

Solarium nigrarn 

8-8 

3-87 

43-97 

Sarisa 

Mustard seed 

Brassica juncea 

8-8 

4-4 

60-0 

Tetnl 

Tamarind 

Tamarhidus indicus 

3-8 

3-1 

81-58 

Methi 

Fenugreek seeds 

Trigonella fcenumgrcemm 

15-488 

7-04 

45-45 


ee- 


Discussion. 

In the determination of ‘ available ’ iron by the above method a brownisli 
colour often developed and, thereby, interfered in the final comparison of tJie 
coloured iron dipjTidine salt. In such cases readings were taken as soon as seerne 
reasonable. Another difiiculty arose in removing the colouring principle 
in certain materials, such as turmeric, dry pepper, dates, and black berry. _ ^ 
bright transparent colour characteristic of iron dipyridine salt was not obtauicc^ 
even on using alcohol or trichloracetic acid as precipitating agent. For this a stu } 
on the influence of other chemicals like sodium hydrosulphite, aluminium chloriue, 
is being contemplated. ^ It may be pointed out, however, that in certain 
cases such as in the estimations from almond, bananas, beans, peas, and whea ' 
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results obtained in tlie present investigation approacbjery near to tlie observations 
made by Elvelijem and his collaborators. 

The necessity of iron for the formation of haemoglobin points to the importance 
of the question of the amount of this element essential for the daily human require- 
ment. According to Sherman (1937) 12 mg. of food iron per day are considered to 
be a satisfactory standard. Of course in cases of normal adult males or non- 
pregnant females smaller amounts (c/. Eairer and Goldhamer, 1935) may be 
sufficient, but pregnant women, nursing mothers, or ansemic patients— where iron 
again is much better retained (Eeimann and >Scbic]c, 1936 ; "Whipple and Robscheit- 
Robins, 1936) — may require more to maintain the average bajmoglobin level {cf. 
Coons and Coons, 1935). But as the availability of iron for physiological purposes 
varies widely in different foods, so it would be essential to know the amount of this 
element that would be afforded by an ill-balanced diet. On the basis of the present 
work the amount of iron that would be available for the organism from an ordinary 
diet as specified by Dr. Aykroyd in the Health Bulletin No. 23, issued by the 
Government of India, would be not more than 5-5 mg. (vide Table 11) which would, 
naturally, not allow the margin of safety for possible poor retention or impaired 
utilization. The well-balanced diet of the said bulletin would, however, afford 
more than 13 mg. of ‘ available ’ iron (vide Table III). This diet consisting of the 
foodstuffs richest in iron together with certain other materials such as spices, betel 
leaves, etc., may supply the requisite amount of iron for maintaining an ideal blood 
picture under normal conditions. Other foods rich in iron are meat, meat 
products, and eggs, but they are costly and they are not usually favoured by 
Indians in general. It must be pointed out here that the iron content of 
foodstuffs would depend considerably upon the amount of soluble iron in the 
soil upon which the plants have been grown, and consequently, the amount 
available from any diet would depend not only on the type of foodstuffs but 
also on the locality and area from which they have been obtained. 


Table II. 


Name of foodstuff. 

Amount, 
in 02 . 

‘ Available ’ iron eontent, in 
mg. 

Total ' available' 
iron, iri me. 

1 

Rice (average) 

15 

1 3-45 



Puke (vatioua) 

1 

1 1 

1 1 

1-36 



Non-leafy vegetables 

1-.5 ' 

0-281 


• 5-27 

Green leafy vegetables . . 

0-25 

0-10,5 



Milk 

1 

0-072 (whole) 

(Ranganathan, 1937) 

. ! 

! 

/ 
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Table III. 


Name of foodstull. 

Amount, 
ill oz. 

‘ Available ’ iron content, in 
mg. 

Total ‘ available ’ 
iron, in mg. 

Bice (average) 

10 

2-300 


Wheat, bread, sago, siiji, 
etc. 

5 

2-.or.O 


Pulse (variou.s) 

3 

1 

4-081 


Milk 

8 

0-7>7G (whole) 


Non-leafy vegetables 
(beans, carrot, gourd, 
gieen banana, ladj-’s 
lingers, etc.). 

G 

1-1-24 

13-28 

Oreen leafy vegetables 
(spinach, p u i n s a k , 
neem, etc.). 

4 

1-C7G 


Fruits (bananas, almond, 
pistachio nut, n alnut, 
etc.). 

2 

0-972 

1 


Another factor which must also be considered is that this availability of iron 
in any foodstuff might increase on cooking or boiling the same in one or other 
container according to the usual custom before its consumption. Experiments are 
already in progress on this subject and it may be pointed out here that on 
boiling black gram {PJiaseolns mungo var. Linn)” in an iron pan its percentage or 
‘ available ’ iron increased from 5-78 {vide Table I) to 12-3 mg. The fact that 
the percentage of iron in black gram (roasted) is always higher than that in the 
same pulse (unroasted) again points to the validity of the above statement. Con- 
sequently, a knowledge of the ‘ available ’ iron content of cereals, pulses, vegetables, 
etc., after cooking them in an earthenware, or in one of the more common metallic 
pans, seems to be of more importance from the nutritional standpoint. 

_ Amongst the foodstuffs, barley, sago, semolina, and pala {Cnrcwna zeodom) 
which are often admixed with milk apparently to increase the food ^ a 
of the infant dietary, the last-named substance is found to be richest m its 
available iron content. Of course there is experimental evidence (Elvehjein, 
1934a) to show that the niere addition of a cereal food to milk does not induce 
normal hoemoglobin formation. Still, however, for its higher percentage of iiou le 
ingestion of pala (T zeodovia) to children bet\v ecu the ages of one ant 

and a half years, when they are generally found to suffer from nutrilional aniemia 
(^lackay. 19.jl), may be considered. In this connection it may be further pom ec 
out that the percentages of calcium, phospliorus, and protein in these substance 
are 0-02. 0-015, and 0-4G re-spectivelj’. 
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BtJMMAUY. 

1. A number of cereals, pulses, and various other Indian foodstuffs has been 
investigated with reference to their contents of ‘ available ’ iron. 

2. Though certain foods are rich in ‘ available ’ iron, the question rises whether 
an ordinary diet is sufficient for the supply of daily iron requirement, particularly 
for pregnant vomen, nursing mothers, and persons whose retention of iron is being 
hindered by any physiologic or pathologic condition. 

3. In view of the fact that pala {Cxircuma zcodoria) is rich in iron it is suggested 
that the milk-cereal diets of children may be reinforced with this food. 
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The problem of the basal metabolic rate of races living in the tropics has been 
receiving a certain amount of attention for some time past. This interest lias been 
due in part to a desire to know whether race or environmental conditions, especially 
temperature, can or does alter a biological process which in European races in a 
temperate climate has been shown to be remarkably constant for any particular 
age or sex. In Europe and the United States a mass of data has now been collected 
and standards of comparison laid down for adults and children living in a temperate 
climate. Eurther, the increasing interest which is now being paid to diet all over 
the world has directed the attention of workers to assessing the food requirements 
of individuals under different environmental conditions. One of the main factors 
determining the calorie requirements, it is generally accepted, is the basal metabolic 
rate. A-priori it was expected that those people, indigenous or foreign, living in 
the tropics might show a lower basal metabolic rate (henceforth B. M. B,). 
Investigations hitherto carried out have by no means proved this conclusively nor 
shown definitely that there is a racial factor. Bose and De (1934) working in 
Calcutta with adults did not find that there was any very material difference. 
Ivrishnanand Vareed (1932) in Madras, however, found a reduction of the B. M. E. 
° and 15 per cent in men and women, respectively, as compared 
with the du ppig standards. Similar but smaller differences were recorded bv 
Mason (1934) among women in Madias. ^ 
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Basal Metabolism of Indian Boys in Galculta. 


The problem of the B. M. R. of Indian children has not hitherto been investi- 
gated and the object of the observations recorded here is to stimulate work on this 
subject in different parts of India wdth a view to fixing standards for this country, 
especiall)’’ in regard to calorie requirements. The subjects of this study were 
Hindu and Mohammedan boys of 6 to 16 years of age, and inhabitants of 
Calcutta. Their economic status was low, the pay of their fathers (clerical 
class) ranging from Rs. 30 to Rs. 70 per month. A comparison of their heights 
and weights with those of the school children of different classes 'examined 
previously by AVilson el at. (1937) shows them to be actually lighter and shorter 
than those school children of the lowest economic status observed by’’ them. 


Method. 

The B. M. R. was determined by the Douglas bag method, the usual precautions 
as to the post- absorptive state Ireing observed. Tlie boym were called for at their 
house at about 6 a.m. and taken to the dwelling of the observer where after resting 
for about 30 to 40 minutes the B. M. R. was taken. In cases where the respiration 
increased markedly or signs of restlessness were noted during the experiment another 
or a third observation was- made at some later date. The measurement and 
analysis of the expired air were carried out in an air-conditioned room (78°F.) of 
the Institute of Hy’-giene. 

The data expressed in calories per square meter per hour and total calories 
per hour are shown in the Table and the Graph along with the corresponding 
standards of Aub and du Bois (1917), Benedict and Harris (1919, 1921), Boothby 
and Sandiford (1932) and 'Nakagaw’a for Japanese boys. The B. M. R. per hour 
has also been compared with Benedict’s figures for boy’’S of the same age (two 
ages only, 10 and 15) and the same height. A comparison has also been given 
between Benedict’s figures for boys of the same weight, age being neglected. It v^ih 
be seen that the figures obtained by us fall markedly below those of Aub and du 
Bois, — 9'7 per cent to — 19'5 per cent, and to a lesser degree below those of Boothby 
and Sandiford and Nakagawa. Compared with Benedict’s figures, on the other 
hand, an increase is to be noted varying from -f 10-9 per cent at the age of seven 
to less than 1 per cent as the age increases. Taken all over, above the age of eight 
our figures are never more than 6 per cent above those of Benedict. Nakagawa s 
figures, although a little irregular, tend to approximate to ours. It should be noted 
that he was working on an Oriental race in contrast to the American observers. A 
comparison of our figures for the total metabolism per hour with Benedict’s for boys 
of the same weight, age being neglected, shows a reasonable agreement except at 
lower ages. Considering the fact that the average weight of the Calcutta boy’S is 
much below' that of the better classes of the same community (at the age of_D 
they are some 10 lb. lighter) it is an open question whether they are not suffering 
from malnutrition In this connection the observations of Blunt et al. (1921) on the 
metabolism of underweight children in the U. S. A. are of interest. They actually 
^und the metabolism to be from 8 to 40 per cent above Benedict’s original standard- 
This of course, IS not in keeping with the phy^siological effect of a deficient food 
^ ^* 1 ^ 1928). There was no question, however, of the U- ' 

f m ir n regards calories. Further, in the diet surveys in Calcutta 

households, although a defective diet was indicated, the calorie intake appeared 
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904 'Basal MctahoUsm of h^d-ian Boys in Calcutta. 

Graph. 

Corn-paring B. M. B. of Calcutta hogs with other standards. 


o o Calcutta. 



Age in years. 


to be reasonably adequate. Possibl}’" some such factor as was observ^ by 
et al. {loc. cit.) is playing a part here and obscuring a real reduction in B. it. • 
should be pointed out that observations in Calcutta (Bose and ourselves) 
show that there is not a great or any decrease in the B. M. B., while 
observations in Madras on adults (Mason, loc. cit . ; Krishnan and Yareed, ^ 
do show this feature. In this connection it should be pointed out that the ave^o^ 
physique in the Madras Presidency appears to be poorer than in Calcutta. 
average weights of our children, the lowest noted in Calcutta, are 
those noted by Aykroyd and Khlshnan (1937) in a group of boys in a 
affluent class in rural Madras (Mayanur district). Ayloroyd also 
surveys caloric intakes much below what we have observed here and indeea 
appeared to be taking a quantitatively insufficient diet. Possibly some 
factors as these maj^ be concerned in the discrepancies observed. Purther 
is urgently required from other parts of India and on children who are known 
getting a reasonably adequate diet or one which approaches ^ 

European standards. The data shown here may.be said to indicate i_ 

reduction or an increase of metabolism according to the standards emp } _ 
ith one exception they fall below the standards obtained in the U. S. A. ® 
of European origin. On the other hand, they fall within the two extremes qi ' 
namely those of du Bois and Benedict. AVe are inclined to think that tliej 
be on the low side, but taking into consideration their physique and die 
no e\ idence that a racial factor is involved. 



//. Ellis 0. II'Y/soJi and N. 0. Hoy. 
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Summary. 

The basal metabolic rate of 62 (mostly Hindu) boys of ages 6 to 16 from a 
poor class in Calcutta has been studied. The results are lower in varying degrees 
when compared to the figures of Aub and du Bois, Boothby and Sandiford, and 
Kakagawa, while somewhat higher than those of Benedict (modified). 

Taking all standards into consideration the figures might justify the conclusion 
that the metabolism tends to be on the low side. Considering the fact that the 
boys arc of a poor class, underweight and on a low-protein diet, it would appear 
unjustifiable to favour the hypothesis of a racial factor being the cause. 
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Basal Melabolisni of Indian Boys in Calcutta 



Aveuaoks .. 16-55 110*8 95 29 ' 97*72 122*4 0-79 35*81 50*10 

(36*41 lb.)* (43*62 ins.). i 











Protocols of experimental data — contd. 
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Basal MetahoUsm of Indian Boys in Galcutla 



AvERi.or.3 .. 25-4:0 131-4: 72 25 122-3 14:4-9 0-84 42-76 -14-10 

1 (55-88 lb.). (51-73 ins.). | 
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ENZYJIE METHOD FOR THE ESTIMATION OF 
ADRENALINE IN SUPRARENAL GLANDS. 


BY 


KAMALA BHAGVAT. 

{Department of PJiarmaeologtj, Hafflinc Institute, Bombay.) 
[Received for publication, November 22, 1937.] 


Numerous chemical and biological methods are available in literature for 
the estimation of adrenaline, the active principle of the suprarenal medulla. Most 
of the chemical methods are based on the formation of coloured compounds, when 
adrenaline is made to react with certain substances. Thus, the ease with which 
adrenaline is oxidized by oxidizing agents, viz., iodine, iodic acid, mercuric chloride, 
persulphatcs, brown oxides of manganese, etc., to a red coloured compound has 
given rise to numerous methods for its assay. The green coloration with ferric 
chloride due to the presence of catechol nucleus in adrenaline has also been employed 
for its determination. The method which is frequently employed is due to Folin, 
Cannon and Dennis (1913) in which the colour reaction depends upon the reduction 
of phosphotungstic acid to lower, deep blue oxides of tungsten. The method is 
quite delicate but was found by Lewis (1916) and several other workers to give 
results which did not agree with those obtained by the biological method. 
Experiments in the present work have also confirmed this observation. Much more 
adrenaline was found in the suprarenals than the biological method revealed. 
According to Bees (1936) the higher values are due to ascorbic acid, but nothing 
definite is yet known regarding the nature of the reducing substances other than 
adrenaline present in the suprarenals. 


It has been found by Neuberg (1908) that an enzyme from the ink-bag of 
Sepia officinalis produces a black pigment from adrenaline, and Abdcrhalden and 
Guggenheim (1908) observed that adrenaline solutions are coloured red by a 
tyrosinase from the fungus Russula dilica. It has been also observed by me that 
an oxidase from the seeds of DolicJios lahlah has the property of oxidizing adrenaline 
to a red-coloured compound and, based on this observation, a colorimetric method 
noam T it® 'i®®ay- Recently Blaschko, Eichter and >Schlossmann 

^®^®'^ted the presence of adrenaline oxidase in the liver and kidney of rats 
rabbits, and guinea-pigs which was found to oxidize adrenaline molecules in the 
side chain (Blaschko el al, 1937). Further Green and Eichter (1937) found that 
adrenaline could be rapidly oxidized by cytochrome and by the indonhenol- 
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Eslhnation of Adrenaline in Enjn'nrenal Glands. 


The present investigation was undertaken witli a view to standardise the' 
conditions for tlie colorimetric determination of adrenaline by the enzyme method, 


Experimental. 


The solutions required for the experiment were prepared as follows : — 

Standard adrenaline solution . — It was prepared by diluting 5 c.c. of adrenaline 
chloride solution (1 : 1,000, Parke, Davis and Co.) to 100 c.c. The 
solution was preserved in the cold. 


Enzyme sohdion . — One hmidred grammes of meal from Dolichos labJab which 
was found to be a rich source of the oxidase wmre extracted with 
1,000 c.c. of 5 per cent saline at 0°C. for 24 hours. The solution was 
filtered and dialysed in collodion bags against distilled water till free 
from the salt. The dialysate was filtered, the filtrate preserved under 
toluene in the cold, and used as a source of the enzyme. 

The reaction mixture consisted of 5 c.c. of the standard adrenaline solution 
and 2 c.c. of the enzyme solution. It was observed that by the addition of a few 
drops of dilute hydrogen peroxide the reaction could be hastened as judged by the 
appearance of red colom’ ; so in all the subsequent experiments three drops of 
1 per cent hydrogen peroxide were added. 


With a view to study the dependence of the reaction on pH of the reaction 
mixture, 5 c.c. of the standard adrenaline solution w'ere mixed with buffers of 
varying pH. It was observed that the colour formation took place between 
pH 4'4 and pH 7'6 and the colour wms more stable in the acid range. Furtliei, 
at pH 6-0, the colour in the presence of hydrogen peroxide appeared within one 
minute and seemed to remain sufiicientl)’- stable for a colorimetric comparison. 
Hence, in the subsequent experiments, the pH of the reaction mixture was 
adjusted to 6'0 by the addition of M/2 Sorensen’s phosphate buffer of pH 6'0. 

The kinetics of this reaction w^as then studied at pH 6’0 with standard 
adrenaline solutions and the extract of fresh suprarenal glands from dogs, tive 
c.c. of the solution were mixed with 2 c.c. M/2 phosphate buffer of pHdO, three 
drops of 1 per cent hydrogen peroxide, and 2 c.c. of the enzyme. The coloiii 
developed was compared with an artificial standard containing the following d}P 
stufis in the given portions ; — 


3 c.c. of O'l per cent Bismark brown ) ^ 

1 C.C. of 0-1 per cent neutral red f ' '' 


Table I incorporates the data. 

Thus, it will be seen that the colour development is complete within four 
minutes and it remains stable for 15 to 20 minutes. 

In order to see tlie validity of the method, difierent concentrations of 
were emplo3’’ed, keeping (a) the volume of the enzyme solution and (b) the 
volume of the reaction mixture the same. It was found that a good_ propor 
exists between different concentrations of adrenaline and the intensities o ^ 
colour developed and the method can be employed to estimate adrenaline m c 
centrations up to 1 ; .500.000. 



K. Bhagmt. 
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Time in 
minutes. 

! Cot.oniMr,Tr,K nuADisos lu 
! MM. wnr.N Tuc iRTinciit. 

cTAVn.AtlD WAS SKT 
j .AT 20. 

1 


i -Xdrcnnline 
solution 
! (1’. D. & Co.). 

Suyr.i renal 
esiraet. 

H 

1 

i 18-5 

" 

O 

j lO'.X 

10-7 

a 

i i;v7 

l.Vl 

4 

j 1.T7 

14-3 

5 

! 1113-7 

1 

14-3 

fi 

i 13-7 

1 

i 

14-3 

L 


Time in 
minutes. 

COLOEISIETEE EEADINQS IN 
MM. WHEN THE ABTIPICrAI, 
•STANHABU W.AS RET 

AT 20. 


.\drDnaline 
solution 
(P. D. & Co.). 

Suprarenal 

extract. 

10 

13-7 

14-3 

1.7 

13-7 

14-3 

20 

13-7 

14-5 

25 

14-0 


30 

14-.7 

14-8 

40 

16-2 

1 


Assay ox? adrenawne from fresh supearenae glands. 

The fresh glands from dogs were ground with sand and extracted with N/10 
HCl (6 c.c. per 0-5 g. gland) and the extract was brought to boil. Two c.c. of 
10 per cent sodium acetate were then added, again brought to boil, cooled, and 
filtered. The filtrate was made to a known volume (25 c.c.), aliquots of which 
were employed for the estimation of adrenaline by (?) enzyme. (?'?) chemical, and 
(???) biological methods. 

(?) Enzyme method.— Eire c.c. of the solution were mixed with 2 c.c. M/2 
Sorensen's phosphate buffer (pH 6'0), three drops of 1 per cent hydrogen 
peroxide, and 2 c.c. of the enzyme solutions. The colour developed was 
compared after five minutes witli the standard prepared in the same 
way. 


{ii) Chemical method . — A suitable aliquot of the solution was employed for the 
estimation of adrenaline bv the well-known colorimetric method of Polin. Cannon 
and Dennis (he. cit.). 


1 SiolopicoJ mefhod.~The biological assays were made on dogs and rabbits 

y the blood-pressure method. Some results obtained by experiments on dogs and 
rabbits were repeated in cats by following Elliot’s (1912) method and it was found 
identical. In all animals the brain was destroyed, the animal 
rppiration, and sufficient atropine administered to paralyse the 
cardiac vagus endings. The blood pressure maintained a constant level withS 
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about half an liour. The vasomotor response was chechcd l)y injecting known 
quantities of standard adrenaline solutions and noting that equal quantities prodncecl 
the same degree of rise in blood pressure. At least 5 minutes’ interval was allowed 
between two successive injections. A sufficient quantity of the suprarenal extract 
to be assayed was then injected intravenously so as to give a good but submaximal 
response. Different quantities of standard adrenaline solution w'ere then injected 
in the same wa)^ and the amount required to produce the same rise in blood pressure 
as that produced by the suprarenal extract was determined. The amount of 
adrenaline present in the gland was then obtained by necessary calculations. A 
typical record is illustrated in the Figure : — 


Figure. 



SW0.56CC 



Std. 0 ‘U-cc Std 


O’ 3^^ 


T» 






? Dog— C kg. Brain and spinal cord destroyed. Artificial respiration. Tracings from ab given 

Carotid blood pressure, time 10 seconck’ interval and base line. Note that 1 c.c. of siipraroni - ‘ pressure- 

intravenously and 0'3C c.c. of a standard (1 c.c. = 0-05 mg.) adrenaline solution produce an in blood 

^oto also that 0*4 c.c. of standard adrenaline produces a slightU'’ higher rise and 0*3 c.c. a shghti} 
pressure than that produced bj* 1 c.c. of the extract. 
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Tlip rpsiilis obfainofl by these mothocls are presented in Table II 

Table IT. 


d//7. oj rulrmnlinc per g. wight of fresh gland from dog. 


Clieiiiic.il ^ 
iiu'tliod. 

Biological 

nietliod. 

Rnryme 

incthotl. 

\ 

Clicmicnl 

method. 

Biological 

method. 

Enzyme 

method. 

0-C-l j 

0-48 

0-49 

1 ' 

1*33 

0'04 

0'09 

0-97 1 

0-53 ! 

0-51 

1-07 

0-83 

0'75 

0-05 

0-88 

()-S9 

2-01 

2'10 

1-88 

l-l.-) 

1-25 1 

0-93 

0-98 j 

0'2G 

•• 

0-C.-) 

0-34 

0-33 

1-14 1 

0'88 

0-82 

1-13 

0-54 

0-44 

2'00 

1'54 

1-39 

O' 82 

0-60 

O' 50 

1-75 

1-31 

1-28 

1-29 

0'61 

0'45 

1-50 

O'S.') 

0'74 

Mf) 

0'70 

1-04 

1-53 

0'87 

0'91 

O'Cl 

• • 

0-51 

2'CO 

2-30 

2'22 

1-83 

1-47 

1-05 

i 

0'39 

0'37 

1*87 

1-17 

1-05 

1-40 

1-CO 

1-40 

1-54 

0-83 

0-81 





It will be seen from tbe above table that there exists a good agreement between 
the biological and enzyme methods, but by the chemical method large variations 
are obtained. These variations might perhaps be due to ascorbic acid (Rees, loo. cit.) 
or some other reducing substances whose nature is not yet known. The adrenaline 
content of suprarenal glands will naturally vary from animal to animal. The 
™ge degree of variation seen in my experiments may, however, be due to the fact 
that the animals from which these glands were removed were not under identical 
physiological conditions. Many of them were under a general anaesthetic and 
he nature of the anaesthesia as well as its duration varied. Some glands were 
removed from the animals after the termination of a physiological experiment, 
bini of experiments was a comparison of the new method with the 

and not the adrenaline content of the suprarenals of dogs 
these variations were found to be helpful. ' ^ ’ 

adrelhn?^/® made to extend the method for the estimation of 

aline from suprarenal glands of different species of animals 

J, MR 


6 
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Efiiimaiion of Adrenaline in Enfrarenal Glands. 


Summary. 

An enzyme method for tlie estimation of adrenaline colorimctrically has been 
described. The method has been l)ased on tlie oxidation of adrenaline by the 
enzyme to a red-coloured compound. 

It has been shown that •(/) the colour foimation tabes place between pH 4'4 
and pH 7’() and the colour is more stable in the acid range, (??) the colour develops 
within one minute, {in) good proportionality exists between different concentrations 
of adrenaline, and {iv) the method is sensitive to 1 : 500,000 concentration of 
adrenaline. 

The method has been emploj'ed for the estimation of adrenaline from dogs’ 
fresh suprarenal glands. A good agreement was found to exist between the 
biological and enzyme methods. The chemical method gave variable results. 
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In the standard method of esstira'alion of nitrogen in tlie body fluid.s, the 
nitrogen is converted into ammonium salts and the ammonia may be either liberated 
by alkali, absorbed in excess of standard acid and estimated by back-titration or 
the ammonia may be estimated colorimetrically by Nesslerization. In our 
laboratorj' the back-titration method is followed for urea and the colorimetric one 
for N. P. N., albumin, etc. 

But in both these standard processes we come across certain difficulties to be 
discussed in detail later on. Briefly, in the back-titration method the results some- 
times become obviously doubtful, and, in absence of some method of controlling 
the results, we have to repeat the whole experiment to get the correct ones. In 
the colorimetric method again, it is found that, in addition to its other minor 
disadvantages, the process of Nesslerization does not work very snroothly at times, 
nor these reasons it was thought necessary to find out some method which would 
control the doubtful results of back-titration and replace the process of Nesisleriza- 
tion. The idea of using formalin in this connection came to our mind. 

It is well known that, when a neutral solution of formalin is added to a neutral 
solutmn of ammonium salts, an equivalent amount of acid is liberated. If this 
acid IS estimated by a standard alkali, the amount of alkali required gives the amount 
o ammonia originally fixed as salts. The reactions take place as follows : 

CHCHO -f 4NH4OI-5- {CH2)6N4 -{ 4 HC 1 6H2O. 

• IHCl + 4 NaOH 4 NaCl -f 4H2O. 

( 917 ) 
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Those reactions have been applied by !Malfatti (1908) in estimating ammonia' 
nitrogen in urine. Bnt since then it docs not seem to have been applied in any 
other case. 

The actual procedure with formalin is as follows : — 

The solution of ammonium salts, obtained after digestion of the material, 
is diluted and neutralized. About 5 c.c. of formalin is also neutralized. The two 
are mixed together and the whole stirred well for a few minutes. The acid 
liberated is then titrated with a standard alkali and from the amount of this alkali 
required the nitrogen is calculated. The comparative results obtained by the 
standard method of back-titration and the formalin method have been given in 
Table I. The digestion mixture used for this purpose contains 50 c.c. of 5 per cent 
copper sulphate solution, 450 c.c. of pure concentrated sulphuric acid, and 500 c.c. 
of distilled water. Phosphoric acid is not used in it, because the mixture of 
phosphoric and sulphuric acids acts more rapidly on glass than concentrated 
sulphuric acid alone, and also that the presence of phosphates has been found to 
interfere with the exact end-point. 

As mentioned before, this method has been applied either for controlling the 
doubtful results of back-titration or for replacing the method of Nesslerization. 
In both these cases, it has given successful results (vide Tables II and III). 

Furthermore, to test the accuracy of this method, control estimations with 
formalin were carried out with very accurately measured quantities of pure urea 
and the results obtained as sho^Yn in Table TV were highly satisfactory. 


Discussion. 

In the process of back-titration the chief disadvantage which we experience 
is that occasionally the results, for some reason or other, become either too high 
or too low and we have to face immense practical difficulties to get the correc 
results. But since the adoption of formalin for controlling these results such cases 
have become rare. The idea of using formalin here is that the ammonium s<i s 
present in the solution remain intact after final titration by the standard metlio 
and formalin is now made to react with them. 

In the process of Nesslerization the disadvantages are numerous. It 
expensive, elaborate, takes a good deal of time and, above all, it does not workvc^ 
satisfactorily at times. Either a clumsy precipitate or a wrong colour often distui s 
the experiment during colorimetry, whereas if formalin is used there are no sue i 
difficulties at all. Moreover, the process is quick, economical, equally accurate, an 
always works smoothly.. 

Table I shows the accuracy of the results obtained with formalin as compared 
with those of the standard back-titration method. In this case the same samp 
of blood was used for both the experiments. 

In Table II we have shown the use of formalin in controlling f^re doubtful 
results of back- titration. In all the cases the results of formalin 
corroborated by repeating the standard experiment with the same sample o 
(col. 4). 
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Tabic III shows its value as a substitute for the process of Nesslerization. 

In all the Tables it will be found that the results by the formalin method follow 
very closely the corresponding results obtained by the standard methods. 

Table IV shows the results obtained by formalin method with known quan- 
tities of urea. 


Table I. 


Compar alive results obtained by standard method of baek-litration and 

the formalin method. 


C.ico 

number. 

1 

Urea in mg. 
per 100 c.c. 
by hiicb- 
titration 
method. 

Urea in mg. 
per 100 c.e. 
by formalin 
mclliod. 

i 

Case 1 
number. i 

1 1 

Urea in mg. 
per 100 c.c. 
by b.ich- 
titr.ation | 
method. 

Urea in nig. 
per 100 c.c. 
by formalin 
method. 

1 

40 

41 

10 

42 

42 

2 

20 

, 28 

17 

46 

46 

3 

30 

28 

18 

56 

64 

4 

30 

i 30 

19 

143 

146 

S ^ 

54 

.■54 

20 

25 

26 

c 

224 

226 

21 

21 

20 

7 

32 

33 

22 

22 

23 

8 

42 

43 

23 

30 

31 

9 

200 

250 

24 

66 

57 

10 

31 

32 

25 

20 

21 

11 

20 

27 

20 

40 

39 

12 

25 

23 

27 

20 

25 

13 

no 

52 

28 

19 

19'r. 

14 

32 

30 

29 

62 

63 

15 

38 

! 37 

30 

25 

25 


Table II. 


Shoioiny use of formalin in controlliny the doubtful results 
of back-titration. 


Case 

Urea in mg. 
per 100 c.c. 

Urea in 
per 100 c.c» 

When the standard 
experiment is repeated 

number. 

by baek- 
titration. 

by formalin 
method. 

with the same sample 
of blood (back-titra- 
tion method). 

1 

1 

4S 

41 

40 

2 

35 

28 

2!) 

3 i 

41 1 

62 

50 

4 

50 

63 

62 

6 

17 

31 

32 
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Taiilk III. 


S/iou'i)i(/ (he value of Jormuliu as a .subslitule for the process of 

Ne.sslerizalioii. 


I X. P. X. in nig. X. 1\ X. in mg. 
per cent tiy jicr cent by 

Xcsslerizalion. fbrmnlin method. 


1 

1!) 

20 

o 

30-O 

30 


23 

20 

4 1 

40 

40 

1 

J ; 

1 

20 

■ 28 

0 ! 

40 

44 

7 1 

1 

19 

20 

8 i 

34 

30 

•J 

2o 

20 

iO 

107 

110 

11 

20 

IS 

12 

nr, 

1 

03 

13 j 

38 

40 

M 

i 

101 

104 

l.-> 

i 

40 

10 

' 30 

I 

41 

17 

j 40 

39 

18 

' 40 

[ 

It 

1 

I'J 1 

1 

30 

i 

30 

20 

1 28 

29 

21 

32 

30 


Cn=c 

nnmlicr. 

X. P. X. in mg. 
per cent by 
Xcsslcrization. 

X. P. N. ill ing. 

per cent by 
formalin mctliod. 

22 

100 

101 

23 

37 

3S 

24 

40 

42 

23 

32 

34 

20 

21 

22 

27 

42 

43 

28 

28 

29 

29 

20 1 

28 

30 

34 ; 

35 

31 

19 j 

21 

32 

58 1 

50 

33 

i 

40 1 

38 

34 

40 ' 

42 

35 

1 

32 1 

t 

31 

30 

20 j 

22 

! 

37 

90 

93 

38 

j 

20 

25 

39 

30 

3S 

1 

40 ; 

OS 

00 

41 1 

38 

37 


I 
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Jh'siills ohlohicd hj/ formalin method vnth 
hioit'ii qiiantilies of nrea. 


Cnsc 

inim)x'r. ' 

Mrn!,\ircil mnoiiiit 
of urea, ill mg. 

Amount found liv 
formalin method, 
in ms. 

I 

1 

‘ i 

r> 

4-90 

2 

10 

9'90 

a 

15 

14-80 

4 

■20 

10-7!) 

5 

\ 

24-90 

G 

;!o 

29-7.'* 

7 ! 

a.1 ! 

;i4-80 

8 

40 

:!9-90 


Conclusions, 

Trom the aljove wc come to the following conclusions : — 

(1) That the principle of using formalin in estimating nitrogen in body 

fluids is a sound one and that the reaction with ammonium compounds 
is complete ; this is shown by the fact that, on using measured 
arnounts of urea, practically the same quantities were recovered by 
this method. 

(2) That this method can be applied in controlling the results of bach- 

titration in suitable cases. 

(3) That this incthod can be used as a substitute for the process of 

Nesslerization in general. The advantages, as has been already 
discussed, arc manifold. 


1!KKEJ?KNCB. 

•• •• Z. Aiml. Chevi., tTf p. 21Z. 


MAi.rATTi (laOS) 
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'Parlk I. 

Riih' of giycoh/sis iu normal blood. 


>Vg. oy ou'cosK IN 100 r.r, or r.rooo 

GU'COSE CONTENT VITF.U 


1 

KaIK or GLYCOLYSIS IN MG. OF GLUCOSE 
IN 100 C.C. or BLOOD IN 


s 

o 


u 

o 


t 

o 

T 

0 

! 

1 Initiil 

"lllCO'C 

contont. 

i 

i 

1 

c 1 

1 1 

1 

T 

U 

O 

M 

r 

c 

sr 

C 

T. 

U 

o 

rf 

U 

5 

1st hour. 

U 

3rd hour. 

o 

73 

-T 

U 

o 

A 

\o 

Oth hour. 

Average rate 
mg./lOO C.C. 

I 

1 

i so 

SI 

7o 

on 

07 

02 

59 

8 

0 

0 

2 

5 

3 

6-00 

o 

05 

!)1 

82 

77 

7."> 

70 

04 

4 

0 

o 

2 

5 

0 

5-IG 

3 

85 

8(1 

70 

05 

01 

54 

48 

5 

10 

5 

4 

7 

6 

6-10 

4 

100 

93 

S2 

70 

72 

07 

03 

7 

11 

0 

4 

5 

4 

G-10 

il 

no 

90 

82 

77 

72 

00 

03 

0 

8 

5 

0 

f. 

3 

5-50 

6 

no 

85 

7o 

08 

03 

59 

*>o 


10 

7 

5 

4 

4 

5-83 

7 

88 

84 

78 

73 

70 

07 

60 

4 

0 

0 

3 

3 

o 

3-83 

s 

j 102 

94 

84 

77 

73 

07 

03 

8 

10 

7 

4 

6 

4 

GoO 

« 

IIG 

no 

100 

95 

89 

82 

70 

0 

10 

5 

0 

7 

0 

G-16 

lu 

no 

I 

St 

70 

70 

05 

59 

53 

6 

8 

0 

5 

0 

0 

5-83 

11 

117 

' no 

99 

93 

S<l 

83 

79 

7 

11 

0 

4 

G 


0-33 

12 

SI 

i 

07 

01 

00 

50 

53 

0 

8 

3 


4 

3 

4-00 

13 

i 

77 

I 71 

Gt 

oO 

51 

51 

48 

0 

7 

.7 

5 

3 

3 

4-83 

11 

i GO 

1 Gl 

1 

oo 

49 

40 

42 

10 

5 

y 

c 

3 

.. 

2 

5-00 

ir, 

02 

i 

1 

73 

05 

00 

j 50 

1 

52 

11 

S 

S 

J 

■t 

3 

C‘50 


llourlj avcraop 
hours). = 

rate of {ilyeol} sis 

(for fust six 

0-2 

8-7 

5*66 

4-00 

5-0 

3-93 

5*56 


crnjtc 


1‘ours) porcciUilc iiIytoK sis (first sK 


6-7 


lG-1 I 22-2 


2G-G I 32-0 


36-3 


C-Oj 
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observed by the latter workers, the rate slowing down to 0 mg. to ]6'8 mg. per 
hour per 100 c.c. of blood. Bhattacharjya {loc. cit.) found the rate in oxalated 
blood to be 17'4 mg. to 19 mg. per hour per 100 c.c. of blood. 

The above investigations were done under different conditions. Macleod 
worked with normal blood rendered artilicially hyperglycemic. He and also Cajori 
and Crouter {loc. cil.) .studied the loss of gIuco.se at the end of .several hours and 
then calculated the rate of glycolysis per hour, which, though it gives the average 
rate, cannot however be accepted as the actual rale per hour which may vary in 
different periods. Thus further work was done to ffnd : — 

(1) The rate of glycolysis per hour in noimal blood. 

(2) The rate of glycolysis jrer hour in diabetic blood. 


Method. 

The samples of blood were all taken from Indians and without any aseptic 
precautions, because the period over which the blood was kept was not on j 
short enough to preclude au}’’ significant bacterial growth but also it had been 
shown by Falcon-Lesscs {Joe. cit.) that works clone under aseptic conditions 
did not alter the results. The samples were kept at 37°C. and their .mgar 
content estimated at hourly intervals. The method used was that oi roiii 
and "NVu (1919, 1920). O'l per cent solution of potassium oxalate was used as 
the anti-coagulant. 


(A) Glycolysis in normal blood. 

Glycoh’^sis in 15 normal cases has been studied and the fincliiigs .lia\c 
been put in Table I. From a study of the table we can draw the iol oiimo 
inferences : — 

(1) The rate of gl3molysis varies between 2 mg. and 11 mg. 

100 e.c. of blooci in different periods, being greater in the -.m 
in most cases, after which it slows dowm as more and more g la 
is glycolysed. 

(2) The rate of glycolysis per hour in the different samples is 

to vary betiveen 3'83 mg. and 6'50 mg., giving an average .n^ 
5’56 mg. per hour, while the calculated avmrage velocity ot pcrcc 
glycolysis is found to be 6-05 mg. per hour per 100 c.c. of b oo . 

To find out if the initial sugar content had any effect on the rate 
three persons were given 50 g. of glucose and samples of blood were | 
fasting condition, and one hour after administration of glucose wlicn 
content was highest, and their rate of glycolysis studied. It was 
when the initial glucose content was high the rate of glymolysis pci hou 
increased, there being no actual decrease in any case. , ^ ^ 

In Chart 1, the average rate of gly’-coly'sis in normal blood has been 
also the rate of glycolysis in one of the three normal cases cited above c o 
after glucose. 
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(B) GiA’COTA’SIS in biabetic bloob. 

Glycolj'sis in diabetic blood bas been studied in 20 cstaldishcd cases of diabetes 
and the findings 'have l)een shown in Table 11. From a study of the table the 
following inferences can be drawn ; — 

(1) The rate of glycolysis varies from 0 mg. to 36 mg. per hour per 100 c.c. 

of blood. It is different in different samples. Some increase is 
apparent in the 2nd and 3rd hours in some of the cases, gradually 
slowing down in the later hours in most of the cases. 

(2) The rate of glycolysis per hour in different samples is found to vary 

between 4-0 nig. and lG-6 mg. per 100 c.c. of blood, giving an 
average rate of 11 -06 mg. per hour; while the calculated average 
velocity of percentile glycolysis is found to be 4‘61 mg. per hour per 
100 c.c. of blood. 

Table II. 

Bate of glycolysis in iliahelic blood. 


Mo. or oLcco.sE m 100 c.c. of blood 

OLCCO'iE COSTEST AFTER 


Rate or or.vcoi.y.sis m jtc. ot.uco.«E 
PTC 100 c.c. OF BLOOD JN 


1 

Initial 

glucose 

content. 

1 

] hour. 1 

1 

! 

2 hours. j 

* 

3 hours. 

£ 

o 

1 

£ 

a 

: O 

1 ^ 

6 hours. i 

5 

3 

O 

ja 

2nd hour. 

1 

3rd hour, 1 

1 

t 

t 

u 

3 

o 

"S 

Tjt 

W 

§ 

x: 

6th hour. 

1 


220 

BH 



143 ! 

131 

8 1 

18 

1 

, 20 

^ 16 

23 

12 


190 1 

182 

170 

148 

133 : 

Ill ; 

102 

8 i 

12 

1 22 

15 

22 

'J 1 


2.50 

24.0 

236 

218 

208 

191 

178 

11 1 

i 9 

18 

10 

17 

13 1 


SCO 

.34.5 

.32.3 

307 

293 

27.3 

2,30 

15 i 

1 22 

, 10 

14 

18 

15 


190 

ISO 

167 ' 

162 

1.36 

148 

142 

10 

; 13 

1 5 

6 

8 

6 I 


200 

186 

178 

172 

i 161 

1,36 

152 

34 

1 8 

1 c i 

11 

5 

' 4 


240 

228 

20.3 

180 

; 168 

158 

146 

I 12 

i 23 ! 

1 ‘’O 

12 

10 

12 


210 

204 

190 

18S 

i 178 

171 

166 

1 6 

i 14 

1 5 1 

7 

7 

5 


i eSiiU 

.300 i 

288 

27.3 

260 

246 

230 

20 

12 1 

13 1 

! 15 

14 

10 


106 

1.34 

HI 

136 

136 

136 

126 

12 

! 13 1 

1 5 1 

0 

i 0 

. 10 


228 

220 

212 i 

204 

192 

176 

162 

8 

8 

8 i 

12 


14 


192 

180 

170 

163 ! 

1.35 

151 1 

149 

12 

i 10 

i 7 

8 

' 4 

2 


200 

190 

182 

176 j 

169 

158 

1.53 

4- 

H 

1 6 I 

7 

11 

5 


2G0 

2.34 

234 

226 1 

224 

222 

220 

6 

20 

i S I 

2 

2 

9 



340 

330 

.316 ! 

30.8 

294 i 

276 

10 

16 

1 14 

8 

' 14 

18 


300 

288 

272 1 

2.34 1 

<244 j 

226 1 

216 

12 

16 

1 

10 

18 

10 



22.3 

215 1 

198 

18.3 

17.3 ! 

164 

15 

i 10 

17 

13 

12 

9 



186 

182 - 

174 ! 

161 ! 

144 

129 

36 

4 

8 

13 

17 

15 



202 

192 

180 ' 

170 

164 

1.36 

1 8 

10 

12 

10 

6 

8 



192 

190 

1 

186 

176 

176 

176 

8 

! 

2 

4 

10 

0 

0 


11-75 

12-7 

11-85 ' 9-95 

' 

11-2 

8-95 

4-9 

10-2 

15-1 j 19-3 

24 

27'7 
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Study of Glycolysis in JS^ormal and Diabetic Blood. 


Chart 1. 



A Aver.ige of 15 cases (5'56 mg. per 100 c.c. glycolysed per hour). 

B— A typical case in fasting condition (3-83 mg. per 100 c.c. glycolysed per hour). 

C above case, blood taken 1 hour after 50 g. of glucose by mouth (6‘33 rug. 

per 100 c.c. glycolysed per hour). 
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Tlie effect of initial sn«ar content on the ‘riycolysis rate was stndiecl in three 
cases of diabetes by follow-ini' «lyeolysis on fastinir i)lood and on samples drawn 
one hour after administration of 5t> of "1110080. It was found, however, in 
contrast to the nonnnl ca.scs. that with increase of initial siipar concentration there 
was sliuht diminution in the rate of "lycoly.sis. 

The average rate of "lycoly.sis in diabetic Idood is plotted in Ciiart 2, as also 
the rate of glycolysis in one of the three iliahetic cases cited above, before and after 
admini.stration of glucose. 

In Chart B we have shown the two average rale curves, and in Chart 4 the 
two percentile velocity curves of normal and diabetic cases for comparison. 


ClI.ART 



A— Normal (average of 15 cases). 
B — Diabetic (average of 20 cases). 
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Flindy of Glycolysis in Normal and Diahetic Blood. 


% 

CHAKT '1. 



A — Normal (average of 15 cases). 
B — Diabetic (average of 20 cases). 


Discussion, 

On comparing the curves of gl 3 '^colysis in normal and diabetic blood we 
find : — 

The average rate of gross or total glycotysis of 1 1 ’06 mg. per hour per 100 c.c. o 
blood in diabetic cases is higher than that of 5-56 mg. per hour in noma! blood, 1 
does not agree with the findings of Macleod, who concludes that the increased 
of sugar in blood does not materially increase the extent of the glycolysis in a 
time. But we must not forget the wide difference in the nature of expenmen 
Macleod worked with blood rendered hyperglycemic artificially. He also v’Oi^ 
with blood from dogs which has a higher rate of glycolysis than that oi liuni' 
blood (Somoygi, 1933). ^Ye must be very careful before accepting such samp c 
of blood as the same as drawn from the cases of actual diabetes, for possibly 
greater difference in the nature of tlie two samples of blood other than 
concentration only. Probably for these reasons our findings do not a^ee wit i 
conclusion that glycolysis proceeds at the same rate in normal and diabetic ’ 
Schmitz and Glover (1927) also came to the same conclusion as Macleod. i 
stated that the initial sugar concentration of glucose within a range of 60 
250 mg. per 100 c.c. did not affect the rate of glycolysis in normal blood. . 
studied glycolysis in only a few cases and that also in heparinized blood. 

Crouter (loo. cit.), however, found the rate in diabetic blood to be higher, e.g._, 0 , 

15‘8 mg. per hour per 100 c.c. compared with 5'5 mg. to 11'3 mg. pey hour m , 
oxalated specimens. Their finding thus agrees with that of ours in this 
But as regards their conclusion that there is no diminution of glycolj'tic pov 
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diabetic blood wliile the potassium oxalate depresses profoundly the glycolysis in 
diabetic blood, we do not agree with them. Onr finding definitely proves that 
there is no such depression in the absolute amount of glycolysis in oxalated blood 
but that there is noticeable depression of 23 ‘S per cent in tlie percentile glycolysis in 
diabetic blood. This can be explained by and we believe it to be due to the presence 
or absence in diabetic blood of other factors wbicb control glycolysis and not due 
to potassium oxalate. 

As regards the depression observed in tlic rate of glycolysis in cases of 
diabetes after administration of glucose wc are at present unable to explain the 
phenomenon. 

From a study of the tables it will be noticed that there is a gradual diminution 
in the rate of glycolysis in the later periods probably due to accumulation of the 
products of gh'colvsis — one of wliich at ]ea.st is lactic acid (Levene and Meyer, 
1912). 

Conclusion. 

1. Glycolysis takes place in normal drawn blood using potassium oxalate 
0‘1 per cent solution as an anti-coagulant at a rate of 3 ’83 mg. to 6 ’50 mg. (total 
range 2 mg. to 11 mg.) per hour per 100 c.c. of blood, giving an overage rate of 
0’56 mg. per hour. 

2. The calculated average velocity of percentile glycolysis is 6‘05 mg. per 
hour per 100 c.c. of normal blood. 

3. In diabetic blood in oxalated samples glycolysis proceeds at a rate of 
4'0 mg. to 16-6 mg. per hour per 100 c.c. of blood (total range 0 mg. to 86 mg. per 
hour), giving an average rate of 11 ‘06 mg. per hour. 

4. The calculated average velocity of percentile glycolysis in diabetic blood 
is found to be 4’61 mg. per hour per 100 c.c. of blood. 

6. The average velocity of percentile glycolysis in diabetic blood per hour 
is found to be less by 1’44 mg. (6-05 mg. — 4’61 mg.), showing a depression of about 
23-8 per cent from the normal blood. 
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Eabcon-Lesses (1927) found that in heparinized blood the sugar came tjoivn 
to 17 mg, (Folin-Wu method) per 100 c.c. of blood in six hours when the initial .sugar 
concentration was below 100 mg. per 100 c.c. of blood, and that further inenhation 
even for 24 hours did not reduce the value. He deduced that all glycolyf-ahh* 
substance.? had been glycolysed in six hours and the residual matter present 
non-glucose copper -reducing substances. Macleod (1913) found that in defilmnaied 
blood about half the amount of sugar disappeared in two and a half hours and in 
some samples practically all the sugar disappeared in 24 hours. From a study of 
the tables of Cajoii and Crouter (1924) we find that in oxalated blood a larw 
amount of sugar is left over even after 24 hours. ' 

We have examined 12 samples of oxalated blood immediately after w’il 
drawal from the vein and again after 24 hours’ incubation at 37®C and 
findings have been put in Table I. From a study of the table it will be notic J 

1. Complete glycolysis does not take place in 24 hours, the amount 1 ff 
being far greater than can be accounted for as due to the presence of no ^ i 
copper-reducing substances. ^'Smro.oe 
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Table I. 


Ghjcoh/sis in blood in 24 hours. 


1 

1 

Case j 
number. | 

Initial glucose 
content, mg. 
per 100 c.c. 

! 

GIuco.se content I 
after 24 hours, 
mg. j)er 100 c.c. 

Amount glyco- 
lysetl in 24 
hours, mg. per 
100 c.c. 

Percentage of 
sugar gl 3 ’coly 6 ed 
in 24 hours. 

1 1 

85 

10 

75 

88-2 

2 

95 

1 

82 

86'0 

.3 

108 

1 

17 

91 

84-2 

4 

125 

23 

102 

82'0 

t) 

150 

35 

115 

77-0 

6 

166 

45 

1 

121 

72-S 

7 

190 

1 

1 61 

129 

67'8 

8 

228 

88 

140 

61-4 

9 

248 

102 

146 

5S'8 

10 

280 

1.32 

148 

52-8 

11 

.320 

156 

164 

51-2 

12 

380 

190 

190 

.70-0 


2. It proves that the amount of total glycolysis in 24 hours is jana 
accorrling to the initial sugar concentration of the blond. This agrees to sou 
extent with the view of Cajori and Crouter [loc. cit.) that the rate of 
vanes directly with the amount of sugar present. But it is found that tnoufc 
there is a greater amount of glycolysis when the initial sugar concentration is 1 
yet the amount left over unglycolysed is quite large, that is, the percentage gv ^ 

IS lesser. In fact we find the percentage of sugar glycolysed in 24 hours is ^ ^ 

los.s in an inverse ratio to the initial sugar concentration up to the level o 



Percentage of glucose glycolysed. 


P. Dc and 3. likattacharijyd. 
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280 nig. per 100 c.c. of blood, aliovc which the extent of glycolysis remains 
more or less constant {see Cliart). 


Chart. 



Mgm. of glucose in 100 c.c. of blood. 

Showing the percentage of glucose glycolysed in 24 hours in samples of blood of varying con- 
centrations of glucose. 


This diminution in the percentage of sugar glycolysed, as we have already 
mentioned in another paper, is probably due to accumulation of the products of 
glycolysis, one of which at least is lactic acid (Levene and Meyer, 1912), which 
depresses the glycolysis possibly by changing the pH content. To study this we 
have examined several samples of blood after addition of some phosphate buffers 
to a portion of blood leaving the other portion unbuffered. It has been found that 
after 24 hours’ incubation there has been a greater amount of glycolysis in the 
bufiered portion compared to that in the unbuffered one, the increase being about 
to 13-0 per cent. The difference is more marked with cases of higher sugar 
concentration. In cases of lower sugar content, e.g., below 100 mg. per cent, 
practiralty all the sugars were glycolysed in the buffered samples as will be seen 
l^°^b amount left over is about 6 mg. to 8 mg. per 100 c.c. of blood 

y the Folm-Wu method, which is not reduced even on further incubation. But 

metWI ® 100 C.C. of blood by the same 

‘lion, ihus we could easily conclude that 6 mg. to 8 mg. per 100 c.c. of blood 
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found in our experiment were the non-glucose copper-reducing substances in blood 
and not 17 mg. The stoppage of further glYcol 3 ’sis in the experiments of Talcon- 
Lesses was prohabl}’ due to accumulation of lactic acid. 


Table II. 


'Glycolysis in 24 hours in unbuffered and buffered sam 2 '>les of blood. 


Case 

number. 

Initial .sugar 
content, mg. 
per 100 c.c. 

Glucose coktent ix mc. 
tee 100 c.c. Al'rEK 

24 nouns ix 

1 

Percektaoe sugar 
GLYCOLYSEB IX 24 
! HOURS IN 

! Per cent of 
e.xce.ss of sugar 
glycoIy.sed in 
buffered. 

! 

Unbuffered, i 

1 ! 

Buffered. 

Unbuffered. 

Buffered. 

1 

1 

85 1 

10 

1 

i 

1 

6 

SS-2 

92-S 

4-6 

2 

95 j 

13 

i 

C ! 

86-0 

93-6 

7-C 

3 

100 

15 

i 

1 

: 

85-0 

92-0 

7-0 

4 

108 

17 

1 

) 

10 

81-2 

90-7 

6'5 

6 

120 

23 

! 

12 

82-0 

90-4 

S'4 

G 

150 

35 


15 

77-0 

90-0 

13'0 


Conclusion. 

1. Complete glycolj^sis does not take place after 24 hours’ incubation m 
oxalated blood, a considerable portion being left over. 

2. Tbe percentage of sugar glycolysed in 24 hours is found to bear a more or 
less inverse ratio to the initial sugar concentration up to 280 mg. per 100 c.c. 
of blood. 

3. Accumulation of lactic acid in blood possibly prevents further glycolysis 
in later periods. 

4. Amount of non-glucose copper-reducing substances in blood is found to 
be about 6 mg. to 8 mg. per 100 c.c. of blood, 
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Although the literature on jilasmoquine is extensive, no adequate test for 
its determination in tissues has yet been described. Schulemann’s chloranil test 
(Schulemami et ah, 1927) for plasmoquine has failed to detect minute quantities 
of the drug in the tissues, blood, or urine owing to the fact that chloranil develops 
a colour only at a concentration of 1 in 50,000 or more. 

In the present work a new colorimetric test for plasmoquine is described. 
The test detects the presence of plasmoquine at a dilution up to 1 in a million and 
quantitative measurements can be made up to 1 in 200,000. 

The plasmoquine employed in all our experiments was in the form of its 1 per 
cent solution as issued by the manufacturers in 3 c.c. ampoules for injection and 
all estimations were done in the form of its hydrochloric acid solution. 


- General discussion. 

This new test is an application of Folin’s phenol reagent to plasmoquine. The 
phenol reagent was originally meant for colorimetric determinations of tyrosine 
and tryptophane. There have been various modifications and improvements on 
rt and it has been found that most of the phenol-type compounds respond to 
this test by developing a blue colour. The phenol reagent used for our present 
mvestigation is one with the latest improvement and is a modification by Folin and 
tiocalteu (1927). For convenience we shall call the application of this test ‘ phenol 
reagent test for plasmoquine ’. 

'When a few drops of the reagent are added to an aqueous acid solution of 
p asmoquine and the mixture made strongly alkaline by the addition of sodium 
« r onate, a blue colour develops. This colour is faint at the beginning, but in a 
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few minutes deepens in intensity. Generally about half an hour’s time is allowed 
for the complete and maximum development of the colour. 

The time for the maximum development of the colour has been measured by 
the spectrophotometer. The Graph given below represents several experiments 
with the spectrophotometer and it shows that in half an hour’s time the colour has 
developed into its maximum and has been found to remain constant for three hours. 
At least half an hour’s time, therefore, should be allowed before juahing any 
colorimetric measurements. 


Graph. 



If any precipitation occurs (as happens sometimes with plasmoquine extracted 
from organic tissues) when the phenol reagent and sodium carbonate have been 
added, the precipitate, which generally is of a colourless nature, should be centri- 
fuged, and not filtered. The filter-papers have been found to absorb some of the 
colour and thus reduce the intensity, especially^ in cases where higher dilutions ol 
plasmoquine are concerned. 

This colour test, as has been mentioned before, can be applied to plasmoquine 
at a dilution up to 1 in 200,000 on a quantitative basis, when measurements are 
made by a Duboscq colorimeter. Beyond that dilution the colour developed is 
too faint for a comparison by’’ tlie colorimeter. Quantitative measurements tor 
dilutions up to 1 in a million can, however, be made bv a spectrophotometer. 

At every’’ stage of this colour test, beginning from the extraction of plasmoquine 
from the tissues, only pure reagent chemicals must be employed. It is advisa e 
to do a blank test by’’ mixing in a clean test-tube the following in their order 

(r/) About 5 c.c. of 5 per cent hy’’drochloric acid (required for the extraction 
of plasmoquine from the ether extract of the tissues), 

(6) One c.c. of 20 per cent caustic soda solution (required for adding fn 
the tissues to be extracted), 
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(o) One c.c. of phenol reagent, and 

((?) A sufficient saturated solution of sodium carbonate to make the whole 
alkaline. 

If the reagents employed are pure, the above should give a clear and perfectly 
colourless solution. 

It should be noted that this reagent is not specific for plasmoquine, and various 
substances of phenolic character in the tissues respond to it even at a considerable 
dilution. This difficulty is. however, removed by adding to the tissues ari excess 
of alkali which coiwerts all phenolic compounds into their sodium salts which are 
highly soluble in water and insoluble in ether. Control experiments with different 
tissues of various animals have given uniformly negative results when they were 
extracted by the above method and tested by the phenol reagent. The test can 
not, however, be extended to the urine, owing, probably, to the presence in urine 
of some reducing basic compounds extractable by ether and soluble in acid. 


The procedure 


The tis.sue from which plasmoquine is to be extracted is first weighed and then 
cut into small pieces into a mortar. Sufficierrt (0’2 c.c. per g.) pure caustic seda 
solution (20 per cent) is added and then ground carefully with silver sand. The 
grinding must be thorough and complete so as to break the maximum number of cells 
possible. After grinding the mass is dried before a fan at room temperature for one 
to one and a half hours. The drying must not be pushed too far nor should the mass 
be left too moist, both of which inhibit the subsequent extraction of plasmoquine 
by ether. If any lumps are formed, they must be disintegrated as far as possible. 
The whole is then introduced into a Soxhlet apparatus of suitable size and extracted 
with ether for about an hour and a half. The ether extract, which is generally 
colourless, unless of course it has taken up some colouring matter from the tissues, 
as in the case of guinea-pig’s and frog’s liver, is washed thrice in a separating funnel 
with mirrimum quantities of 2 per cent sodium carbonate solution, after which the 
plasmoquine from the ether is taken up by shaking with 5 c.c. of a 5 per cent 
hydrochloric acid. The ether extract must not be shaken with water alone, as 
plasmoquine is slightly soluble in water. If about 0'02 mg. of plasmoquine is 
present, the acid solution will show a faint yellow colour of plasmoquine hydro- 
chloride. The colour of plasmoquine in hydrochloric acid is not visible bevond 
that dilution. 


Any dissolved ether is expelled by slightly warming the hydrochloric acid 
* the water-bath. To accurately measured 4 c.c. of this solution is then 

added 1 c.c. of the phenol reagent and the whole made strongly alkaline by adding 
solid sodium carbonate. The blue colour gradually develops if any plasmoquine 
file same time 4 c.c. of tlie standard solution of plasmoquine 
t 1 ution of this standard plasmoquine solution should be as near as possible to the 
polni!rf extract ; this can be roughly judged from the depth of the yellow 
idflPfl 1 quantity of phenol reagent and solid sodium carbonate 

the pfl’co r leaving both for about 15 minutes, the solutions are centrifuged in 
fimina tn^o ‘'^^7 Precipitation occurring. It is advisable to take graduated centri- 
g ibes. so that any difference in volumes of the two solutions may be equalized. 
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After centrifuging for aljont live minutes the tubes are taken out and, after half an 
hour has elapsed, the supernatant liquid removed carefully for comparison in tlie 
colorimeter. Generally three sets of readings arc recorded, of -which the mean value 
is taken for calculation. 

In the case of blood also the same procedure is to be followed, adding about 
O'l c.c. of 20 per cent caustic soda for each c.c. of blood. The blood then can either 
be dried on strips of filter-paper and soxhleted with etber in the usual way or it 
can be subjected to vigorous shaking with ether in a separating funnel wiinediatehj 
after the addition of the alkali. If the latter course is followed it is always 
advisable to take the blood in the separating funnel before the addition of alkali. 
The ether is poured out as far as possible and the blood is to be shaken twice more 
with fresh lots of ether. All the three lots of ether are then worked up together 
in the manner already described. 


Some experimental results. 

A few of our experiments are appended below ; — 

A. I'll vitro. 

(1) Blood. 

Known quantities of plasmoquine were added to separate amounts of blood 
and the drug extracted after different intervals ; the recovered amount ■s\'as then 
estimated by phenol reagent test. Table I represents one such experiment : 


Table I. 

Shotving the quantity of plasmoquine added to defihrinated blood and the 


amount recovered after extraction. 


Species. 

Amount of 
blood, in 

c.c. 

' Amount of 
plasmoquine 
added, in 
mg. 

Time 

allowed to 
pass. 

Process of 
extraction. 

Plasmoquine 
found by 
phenol reagent, 
in mg. 

! 

RpjUBKS. 

Guinea-pig 

10 

1 

30 minutes 

Soxhleting 

0-93 

Time factor has 


10 

1 

4 hours 

Shaking with 
ether. 

1 0-92 

! 

no influence on 
plasmoquine 

in blood of 

>> 

10 

OoO 

4 „ 


0-45 

»» 

10 

0-20 

4 „ 


0-18 

different 

>> 

10 

0-05 

2 „ 


0-015 

species ! ” 

viti'n. 

Dog 

10 

0-0.5 

o 


0-043 

J> • • 

10 

0-50 

24 „ 

1 

0-44 


Control : — 


10 c.c. guinea-pig’s blood extracted by soxlileting — negative to phenol reagent. 

10 e.c. guinea-pig’s blood extracted by shaking with ether- negative to phenol reagen . 
10 c.c. dog s blood extracted by soxhleting — negative to phenol reagent. 

10 c.c. dogs blood extracted by shaking -with- ether— negative to phenol reagent. 
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(2) Blood. 

To 50 c.c. of a normal healthy dog’s blood 2 c.c. of a 1 per cent solution of 
plasmoquine (20 rag.) were added. Lots of 10 c.c. of blood were withdrawn at 
clilierent intervals and the amount of plasmoquine present estimated. The results 
are given in Table II 

Table II. 


Simving qxianliiy of plasmoqitwc added, lo defibrinatcd dog's blood avd 

the amoiotl recovered. 


Amount in 
c.c. of blood 
withdrawn 
from iiO c.c. 

Time ahowod 
to pass. 

IVoCCPS of 
extraction. 

1 

1 

1 

Plasmoquine 
found by 
phenol reagent 
test, in mg. 

Remarks. 

10 

10 minutes 

i Soxhleting 

3-80 


10 

i 

10 „ 

I 

! Sliaking with 
ether. 

3-84 

(a) From about 92 to 96 per cent 
of plasmoquine were re- 
covered in all case.s showing 
negligible clilTerence with the 

10 

1 hour 

Soxhleting 

3-72 

two methods of extraction. 

f&) Time factor has jiractically no 
influence on plasmoquine in 

10 

2 hours 

Shaking with 
ether. 

1 

3-68 

blood in vilro. 

1 

1 

10 

3 „ 

99 

i 

3-71 

1 


Control ; — 

(а) 10 c.c. normal dog’s blood extracted by soxhleting — negative by phenol reagent test. 

(б) 10 c.c. normal dog’s blood extracted by shaking with ether — negative by phenol reagent 


B. In vivo. 


(1) Frogs. 


240 g. was perfused with a solution of plasmoquine 
• • of 1 in 25,000 dilution) for half an hour by the Trendelenburg method. 

(w) The tissues that were taken for extraction and the amounts of -plasmoquine 
exed are given m Table III. Ail tissues were extracted by the soxhleting 


recovered 

process. 
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Table III. 


Showing the quantity of qilasinoqiiinc recovered from varmts 
organs of the frog (R. tigrina). 


1 ! 

1 IV • 1 * • i PIftsinonuine 
Tissue. ' cig 1 , in I i-ccovercd, 

1 1 

R?;MAnKs. 

Liver 

Lungs . . 

Kidney . . 

Ovarie.s, stomach and 
intestines. 

Hind leg mu‘>c]e 

i 

1 l-2o0 

' 1-5 0-05r> 

0-7.S 0-020 

07 0-.S.10 

25 0-004 

1 

1 

Total plasmoquine i-e- 
covered amounted to 
2-309 mg. which was 
about 59 ])er cent of 
the total. 

Residues in the per- 
fusing solution. 

1 

0*200 


{iii) The ether extracts of the ovaries, stomach, and intestines had a deep 
yellow colour due to some sterol compounds dissolving in the ether. This yellow 
substance is not, however, soluble either in alkali or acid. 

{iv) In a frog weighing 220 g. half c.c. of 1 per cent solution of plasmoquine 
(5 mg.) was injected into the anterior Ijnnph sac and the frog killed after tmee 
hours. Some organs were removed and their plasmoquine content estimated. The 
results are given in Table IV : — 


Table IV. 


Showing the quantity of qdasmoquine recovered from various 
organs of the frog (R. tigrina). 


Tissue. 

Weight or 
volume. 

1 

Plasmoquine 

recovered, in RraiAUKS. 

mg. 

1 

Blood . . . . 1 

Liver . . . . 

T.ungs , . . . 

Kidney . . . . 

Ovaries 

Stomach and in- 
testines. 

10 c.c. 

6-5 g. 

2-0 g. 

0-7 g. 

S8 g. 

18 g. 

1 Total plasmoquine re- 
n oQo ' covered amounted to 

o!nsn 3-277 mg. which was 

a-t^out 66 per cent of 
the amount injected. 


(2) Mice. 

of 

{i) A mouse weighing 21 g. was injected hypodermically with l 
plasmoquine. It died within two hours. The whole mouse (including its excre 
and hair) was cut into small pieces, ground thoroughly with alkali and san an 
soxhleted with ether. 
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(ii) A second mouse weigliing also 21 g. was injected hypodermically with 
1 ms?, of plasmoquinc. It died in one and a }\alf hours. This was also similarly 
extracted with ether. 

{Hi) A third mouse weighing 20 g. was given 1 mg. of plasmoquinc hjq)oder- 
raically. It was killed by ether after 15 minutes and extracted similarly. 

The amounts of the recovered plasmoquinc are shown in Table V : — 

Table V. 

Sliou'ivg the ujiwunt of phsmoquine recovered frotu 
mice after hypodermic adniHiistraiion of 
I 'mg. of plasmoquHie per mottsc. 


jroti'c 

No. 

Pln<imoqninc 
recovered, 
in mp. 

I’crccntnge of rcco\or\ . 

1 

0-022 

02-2 

o 

0-647 

04-7 

:> 

0-807 

1 

1 80-7 


(3) Eats. 

Two rats, one weighing 385 g. (No. 1) and the other 287 g. (No. 2), were injected 
hypodermically each with 5 mg. of plasmoquinc. Both were killed after 24 hours and 
their livers, lungs, etc., were extracted in the usual way. The results are shown 
in Tables VI and VII 

Table VJ. 

Showing (he amount of plasmoquinc recovered from some 
organs of a rat after administration of 5 mg. 
of plasmoquine hypodermically. 

Rat No. 1 — ivt. 385 g. 


Tissue. 

1 i 

Weight, in 
g- 

Plasmoquine 
recovered, 
in mg. 

Rejiakks. 

Liver 

9-5 ' 

0-281 


Lungs 

1 

1-8 

1 

0-074 

Total recovery from 

Kidney . . ! 

1-8 1 

0-062 

these tissues 
amounted to 

Heart 

0-9 

0-028 

0-446 mg. 

Spleen 

0-7 

Trace. 
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Table VII . 

Showing the amount of plasmoquine recovered from some 
organs of a rat after administration of 5 mg. of 
qdasmoquine hypodermically. 

Fat No. 2 — wt. 287 g. 


Tissue. 

Weight, in I 

Plasmoquine | 
recovered, in 

Remarks. 



M’S- 


Liver 

1 

9-0 

0-334 

1 1 


Lungs 

1-6 

1 o-oos 

Total recovery from 

Kidney 

1-7 

1 

1 0-051 

these tissues 
amounted to 

Heart 

0-S 

1 

1 0-023 

1 

0--17C mg. 

Spleen 

0-7 

1 

1 Trace. 

t 



(4) Guinea-pigs. 

One guinea-pig (No, 1) weighing 590 g. was given 5 mg. of plasmoquine 
hypodermically and killed after 18 hours. Another (No. 2) weighing 612 g. received 
20 mg. by mouth and died after 36 hours. The organs of both these guinea-pigs 
were removed, extracted with ether, and their plasmoquine content estimated, lu® 
results are given in Tables VIII and IX : — 

Table VIII. 

Showing the amount of plasmoquine recovered from 
some organs after administration of 5 mg. 
plasmoquine hypodermically. 


Guinea-qng No. 1 — ^vt. 590 g. 


Tissue. 

Weight or 
volume. 

Plasmoquine 
recovered, 
in mg. 

Remarks. 

Blood 

5-0 c.c. 

Trace. 


Liver 

17-0 g. 

0-C4 

Total plasmoquine re- 
covered amounted 

Kidney 

3-0 g. 

0-16 

to 1-580 mg. which 
was about 32 per 

Spleen 

0-7 g. 

Trace. 

cent of the amount 
injected. 

Lungs 

5-0 g. 

0-68 

Heart 

2-0 g. 

0-18 


Testis 

4-0 g. 

0-03 
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Table IX. 


Slioicing the ainotnd of pJasmoquine recovered from 
some organs after oral administration of 
20 mg. of plasmoquinc. 

Guinea-pig No. 2 — 612 g. 


TisMic. 

Weight, in 

g- 

Plasmoquine 
recovered, 
in mg. 

Liver 

2(5-0 

.3-8 

Kidney 

4-5 

0-76 

Spleen 

0-8 

Trace. 

Lnnga 

4-5 

0-31 

Heart 

2-0 

0-2-1 

Testis 

.5-0 

0-08 

Intestines and 

30-0 

0-18 


stomach. 


I 


Rematjks. 


I Tot.il plnsmoquino 
I recovered ammint- 
cd to 5-37 mg. 
w iiich was about 
27 per cent of the 
amount given. 


From tlie e.xperimcntal data given above, it will be seen that the amount ol 
plasmoquinc recovered from the tissues of animals is considerably less than the 
amount injected. It is true that in all experiments, except those on mice, only 
certain organs of the body were extracted and not the whole animal. In these 
experiments, however, most of the important organs were extracted and the figures 
of percentage recovery would have been only slightly higher, if every cell of the 
ammal was included in the extract. The low percentage of recovery can be due 
either to incomplete extraction Ijy our method or to destruction of plasmoquinc in 
the body tissues. In vitro experiments on blood show that plasmoquinc can almost 
completely be extracted (92 to 96 per cent) from organic fluids such as blood. 
Moreover, experimental data given above show that if the time allowed between 
the administration of the drug and extraction of tissues is longer, the recovery of 
from the tissues is less. That this is not merely due to excretion of 
the drug is shown by experiments on mice. In these experiments every cell of the 
animal including its hair and excreta was extracted. The excretion of plasmoquinc 
ot course could not have been much during the short period of two hours, but still 
he urme and feces of the animals were included in the extracts. In these experi- 
Bieuts if the animal was killed 15 minutes after administration of the drug the 
recovery was about 80 per cent, but if two hours were allowed to pass it fell down 
0 about 63 per cent. Jt is evident from these results, therefore, that the low 
P centage of recovery is most probably due to destruction of plasmoquinc in the 
y tissue or to its conversion into some other compound, probably the latter. 


Obedience to Beer’s law of absorption. 

lias W, of the blue colour with phenol reagent and plasmoquine 

iudinf-P^fi behave exactly m accordance with Beer’s law, which clearly 

such ^ 1 ^^^ developed does not undergo any chemical change 

s«ch as polymermation. dissociation, or reaction with the sdute ox the solved ^ 



946 


A New Colorimetric Test for Flasmoquine. 


Beer's law of absorj 4 ion consists in tlie fact tliat \vlien a beam of light enters 
a column of coloured solution, a pari of it is absorbed and the light that is iihmeised 
is reduced in intensity as well as altered in colour. For most coloured solutions 
the following relation, known as Beer’s law, between the intensity of absorption, 
the height of the column, and the concentration of the solution holds good. AYlien 
the concentration of the solution and the height of the absorbing column vary in 
inverse proportion to one another, the intensity of absorption remains constant. 
That is. if a light from a common source is passed through two solutions of a 
substance of concentrations Ci and Co. and the heights of the colunms are hi and 
ho when both the solutions appear of the same depth of colour, then the concen- 
trations and the heights stand in the following relation to one another : — 

Cl : C2 = ho ■ hi 

Or Cl X hi = Co X ho a constant. 

Or, as the dilutions are inversely proportional to the concentrations, for 
convenience of working out the formulae with dilutions of the solutions instead of 
concentrations, we may express the relationship in the following maimer taking 
di as the dilution of concentration Ci and do as that of Co :■ — 

Then, Ci ; Co = 62 : di = ho : Ip 
Or di X h2 = do X hi- 

The following data will show that with known dilutions plasmoquine has been 
found to strictly conform to the above fonnula : — 


The readings have been taken in a Duboscq colorimeter and 
plasmoquine has been ttsedfor all standards in 
the form of its hydrochloride. 


Left. 

Right. 

Dilution 

I 

Reading 

Dilution 

Readiini 

d,. 

b,. 

d,. 

h„. 


' 6 

1 

10 

1 in 5,000 

10 

■BSDAiS&KI 



16 

1 

30 


5 

1 

7-5 

1 in 10,000 J 


■EssuSun 

15 


16 

1 

1 

22-7 


J 

■■ 

1 in 10,000 -( 10 

1 in 20,000 1 


1 15 

( 



' 10 



1 in 25,000 

15 




( 

HHHI 


1 in 50,000 

^ 16 

1 

1 in 100,000 

32-2 

1 in 100,000 

18 

1 in 200,000 

36 
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Tlic findings of these values should leave no room for doubt about the fact 
that the chemical reactiohi taking place between the phenol reagent and 
plasmoquinc is a thoroughly sound one as a basis for quantitative measurements. 

Theory of the development of the coloub. 

The reason why plasnioquine, whose phenolic group has been etherified and 
which thereby has lost its phenolic property, should respond to the phenol reagent 
in the development of a colour in the manner of true phenols, lies very probably in 
the phenomenon of an isomeric change involving migration of radicals under the 
influence of the phenol reagent. On this assumption the following changes in the 
structure of the molecule of plasmoquinc may take place through the migration 
of the CH'a radical and an hydrogen atom : — 



MR 

• 8 
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Xi'ir ('olorimelric Test for Plasmoquine. 


From plasniofjuino. under l.lio influence of tlie extremely strong oxidizing 
coui 2 )lex acids of tungsten and niolyl)dcmnn, an}' of tlie three products (11), (III), 
and (IV) may result either directly or through the intermediary of (II), thus 
converting plasmoquine into a true phenol by migration of CH'o radical and H atom. 
This view is confirmed by the fact that the blue colour developed by plasmoquine 
is decidedly considerably deeper when the addition of the reagent jmecedes that 
of the sodium carbonate than Avhen the qn’oeess is reversed. In the former case 
jdasmoquine remains in solution in the acid medium and consecjuently the jrhenol 
reagent can bring about the isomeric transformation with nrore ease and cmfktel^ : 
whereas, in the latter case, jrlasmoquine. being a base, is jrrecipitated by sodium 
carbonate and obviously the subsequent addition of the phenol reagent does the 
same tran.sformation slowly, and. what is more important, parlntlly. 

Examples of the isomeric change of the above tyjre are not rurcommoii in 
chemistry. Arrwers (1907-1914), Stieglitz (1909), and Hansom (1900) have found 
and very fully investigated the isomeric changes irrvolving migration of radicals 
ill which acyi radicals of aminoqihenols migrate from oxy’gcn to nitrogen, if the 
nitrogen grouji is sufficiently basic, thus giving rise to a true phenol. 



The isomeric change depicted above is almost a parallel to our assumption of 
the isomeric change in plasmoquine. Haiford et al (1919-1925) have shown 
that the acetyl group in an orthoacetylaminophenol, or other aliphatic groups, 
is displaced by benzoyl or naphthoyl chloride in presence of alkali and the acetyl 
group migrates to the hydroxyl thus 


OH 


CgHj cod 


O. CO. CH3 


NH.CO.CH. 


NH.CO.C- Hs 


(VII) 


(VIII) 


The ormation of (III) or (IV) in the case of plasmoquine may occur direetb 
Irom (I) or through the intermediary of (II) in the fashion of migration of radicab 
Irom side chains to the nucleus. This latter type of conversion is most conimoul}' 
^enenced. It includes the reaction of Hofmann and Martius (1871), Reilly and 
Hic^bottom (1920), and Beckmann and Correns (1922) in which the methyl group 
IS ans erre r)m the nitrogen to the ortho- or para-carbon of the nucleus and 
le nuc ear lydrogen to the nitrogen. The possibility of similar direct or indirect 
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migrations of radicals in plasnnxjninc is more strengthened when it is now 
definitely known that (Ite position para to the amino group in plasmoquine 
(the O'p’osition in the quinoline ring) is extremely reaetive and is even capable of 
con^ding with tlic diazoninm salts (Andersag, 1930). 


(IX) 


NH(CH3) 



(X) (XI) 


Having assumed the isomeric change in the structure of plasmoquine, the 
mechanism of its oxidation by phosphotungstic and phosphomolybdic acids in the 
phenol reagents is exactly similar to the cases of true phenols. The complex 
phosphotungstic and phosphomolybdic acids arc extremely sensitive to reduction 
3'ielding highly coloured compounds. The chromophoric values of the reagent 
and chromogenic values of the substances that undergo oxidation have been at 
length discussed by Wu (1920), Shinohara (1935a), Lugg (1932), and others. It 
can only he mentioned here that the extent of oxidation of plasmoquine by the 
complex acids in the phenol reagent is chemically a thorough and complete one and 
IS based on an excellent quantitative relation, as lias been found from the data 
inclncled in the previous section. 



SUMMAEY. 

1- A new colorimetric test has been - described for plasmoquine by the 
^ppheatiou of the phenol reagent. 

2. The colour developed is strictly prroportional to the concentration of 
p asmoquine behaving in complete obedience to Beer’s law and can be measured 
qaantjtatively up to a dilution of 1 in 200,000 although a distinct qualitative 
naication can he had up to a dilution of 1 in a million. 

, takes about half an hour for the maximum development of the colour 

<(r.u • remains constant for about three hours, which greatly facilitates the 
colorimetric measurements. 
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A New Colorintclric Test for Vlasmoquine. 


A. The test lias been applied successfully to plasmoquine extracted from the 
tissues and blood -with complete exclusion of any interfering organic agent. 

5. The test could not be successfully extended to the urine o^-ing to the presence 
of some interfering material in the mine. Attempts are being made to overcome 
this difficult 3 ^ 

6. A theorj' of the mechanism of the development of the colour has been 
advanced. 

7. Some experimental results have been appended. 
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HiEMATOLOGICAL INVESTIGATIONS IN SOUTH INDIA. 

Part III. 

THE MEAN BED CELL DIAMETER. 
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{Nttlrilion Research Laboratories, I. R. F. A., Coonoor, S. India.) 

[Received for publication, December 29, 1937.] 

Malassez (1889, quoted by Price-Jones, 1933) in France was historically the 
first to make systematic measurements of red blood corpuscles, but the credit of 
appljdng such measurements in clinical medicine must be given to Price-Jones, 
who has been working at the subject since 1910, and it is fitting that the frequency 
curve of the distribution of the R. B. C. diameter should be called the ‘ Price-Jones 
curve . Though it is over a quarter of a century since such curves were shown 
to be useful in differentiating various types of anffimias, the method is rarely used 
in the practice of medicine or research, and hardly any literature exists on the 
subject. The explanation is that given by several workers, namely, that the 
echmque is ‘ extremely laborious ’. Napier and Das Gupta (1936) considered 
le possibility^ of reducing the labour involved sufficiently to bring the method 
1 mn a practical sphere, but concluded that it is not a practical one for general 
se even m a research laboratory. The important pioneer work of Price-Jones 
s thus not yet borne satisfactory fruit. 

A (1924) devised a diffraction method of measuring the R. B. C. diameter, 

uqpfl h ^ apparatus (halometer) designed by Eve (1928) has been widely 

indiVnf^ diffraction method does not, however, provide any 

films distributions, and may give fallacious results with blood 

from n extreme anisocytosis or poikilocytosis. MTien the method is surveyed 
clinipJoT,? • scientific standpoint, it appears that the value attached to it by 

believe Gupta (loc. cit.) remark ‘ we firmly 

seldom Pbo!i a i ® responsible for much mistaken diagnosis as results are 
aiom cliecked by other methods 

( 951 ) 
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rimmatological Investigations in South India. 


piu’iug the course of an investigation of llie ])lood in pregnant women, it was 
elt that a study of the ]?. B. C. diameter was desirable to assist in the classification 
o various t}qies of aiuemia. Jn the absence of any data on the normal red cell 
diameter of South Indians whicli could serve ns a standard of comparison, tlie 
present stud}’’ was undertaken. 


nicthod used by iis is essentially that described by Hynes and Martin 
(1 j 36) for projecting blood films on a screen and, talcing their measiuements. 
Oertam modifications, which increase the jiractical usefulness of the method, have 
liowever been made. 

A Bausch and Lomb ciiscopc is employed, the source of illumination being a 
^ibon arc lamp working on 220 volts A. 0. and a current strength of 4'5 amperes, 
riie light passing from the eyejiicce of the inicro.scopc is totally reflected fi:om the 
hypotenuse of a right-angled prism on to the ground-glass screen of the euscope. 

^ The .size of the projected image is calculated in the following simple manner : 
A o-mni. micrometer scale is slipped into the eyepiiece of the microscope. The 
ength of the image of the micrometer scale on the screen is measmed ■with an 
ordinary .scale. As the dimensions of the image of the blood film projected on 
the screen are directly proportional to the objective used, the eyepiece remaining 
the same, thi.s distance on the .screen is equivalent to 5.000m divided by the 


. 11 .-n/.ii ij\ step.s ot O'OM: 

ink on celluloid films. A discarded .^•-ray film with the silver removed is satis- 
factory for this purpose, and has the merit of being obtainable at no cost. 

This method is in certain respects .simpler than that of Hynes and hlartin. hi 
their technique the image is projected on to a horizontal ground-glass screen at a 
fixed magnification of 2,000 diameters by means of a microscope and a pointolitc 
of 100 c.p. Special apparatus is required to adjust the distance between screen 
and microscope so as to obtain the fixed magnification. The size of the image is 
measured with a celluloid protractor on which circles are drawn with diameters 
equivalent to 2-5fx to 13 -Om, at the fixed magnification of 2,000. 

The blood films are made carefullv so as to obtain a uniform spread of E. B. Cs- 
witliout any overlapping. The film is first .stained with Lei.shman stain in the usual 
manner, then counter-.stained with 1 per cent aqueous eosin for about five minutes. 

len dry the film is projected with an oil immer.sion objective and a X 20 eyepiece 
on to the ground-glass screen, preferably in a dark room. The celluloid film with 
_ le graduated circles drawn on it is superimposed on the images of the corpuscles. 
J5y selection it is ea.sy to find the circle that fits the image. The .size of the diameter 
rs hen easily read off. The measurement of circular corpuscles is quite ea.sy, hi** 

1 IS a itt e more difficult to deal with irregular-.sliaped corpuscles which occur 
e.specially m aniemic states. In measuring E. B. Cs. of this kind a circle is found 

on re that the area of the corpuscle falling outside the circle is roughh 

ocinivalent to the lurw ^r^-i _ i • , i i..^Uii. 
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figures obtained tlie mean diameter, .■standard dcviat ion, and coefficient of variation 
are dctennined. 

i\lATEKIAL. 

"Wc report, here tlie results of observations on 25 normal healthy South Indians 
living in Coonoor, of whom 10 were women. The men were members of tbe stall 
of the Nutrition Ilesenrch Laboratories and thcPnsteirr Institute, Coonoor. The 
women were liealthy persons selected at the Lnwley Hospital, Coonoor. 


Eesuets- 

Tables I and II give the results obtained. A\'e have included in the tables 
figures giving the limmoglobin content of the blood determined by a technique 
recently described (Sankaran and Rajagopal, 1938), which is in effect a modification 
of Bing and Baker's (1931) method. The Hb values arc higli, which is probably due 
to the fact that Coonoor is 0,000 feet above .sea-level. The average R. B. C. diameter 
was found to be 6-85/i with a range of 6'27/i to 7’38/i. The averages for men and 
women were identical, being G'85u. The statistical data can be summarized as 
follows 

Mean diameter of E. B. Cs. . . = G'86 /j. 

Range of value of mean diameter . . ~ 6‘27^ to 7’38^. 

Standard deviation . . . . 0'28/t. 

Coefficient of variation .. .. = 1*1 per cent. 
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Hcouatolofiical hwesticfations in SovfJi India. 


Table II. 

Statistical data obtained fro))} 10 females. 


Serial 

number. 


Hajinoglobin 
in grammes 
per 100 c.u. 
blood. 


B. B. C. 
mean 
diameter, 
(j^r in fi.) 


Standard 
deviation, 
(cr in n.) 


CoelTicicnt 
of variation 
in per cent. 


Macrocytes. 
(M + 3 cr.) 


Microcytes. 

(M-3'(r.) 
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Discussion. 

The relatively simple and rapid method of determining R. B. C. diameters 
followed here is practicable for more general adoption in clinical medicine and 
research. It can be carried out by any one provided with a microscope and a 
powerful source of light, and an hour suffices for the investigation of a blood film. 
The euscope could easily be replaced by an ordinary reflecting mirror fixed at an 
angle of 45° above the eyepiece of the microscope, throwing the image on an 
ordinary ground-glass plate. 

It is less fatiguing to carry out the necessary measurements with a vertical 
than with a horizontal screen, as in Hynes and jilartin’s technique. 

The mean R. B. C. diameters determined by us for South Indians are decidedly 
lower than the figure for Europeans given by Price-Jones (mean 7-202ja with a 
range of 6’6G]/x to 7’492/i). At present no reason for this diflierence can be 
suggested. 

Summary. 

A study of the mean red cell diameter of South Indians was undertaken by a 
modified area method with a view to establishing normal standards. The method 
is simpler and less time-consuming than the original Price-Jones method. Data 
are presented of 25 males and females. The mean R. B. C. diameter for the group 
was 6'85/i, with a standard deviation of 0‘28/i and a coefficient of variation of 
4-1 per cent. This figure is below that given by Price-Jones for Europeans 
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Haemoglobin (grammes per cent) 


I ! 



Fia. 2. — Average hsemoglobin values for pregnant and non-pregnant ■women in the various age nfoup 

Blood picture. 

The blood picture in six cases in the pregnant group showed definite 
of anaemia indicated by the presence of macrocytes, nucleated red bloo _ ^ ’ 

polychromes, and punctate basophils. In the pregnant group, lymphocytosis ‘ 
observed in 34 cases ; the large mononuclears and eosinophils, except m 
instances, were within normal limits. 
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Discussion. 

Tlie nd vantages of Bing ami Baker “.s modification of "\^'u’s method used in the 
present investigation for the determination of lircmoglobin are fully discussed 
by Sankaran and Bajngopnl (1938o). The method is simple and rapid ; only a small 
qiiantitv of Idood (.0 c.mm.) is required for the estimation, and a large number of 
estimations can lie carried out within a day. The method is particularly suitable 
for use in field work, where a number of samples for htemoglobin determination 
have to Ite collected in a short time. 

Pure methvl alcohol is generally u.sed in the preparation of Leishman stain. 
In the present investigation, methyl alcohol (methonol) technical, free from 
acetone, was \ised in the preparation of the stain with very satisfactory results; 
the blood films were well stained in all instances. Pure methyl alcohol is 
about 10 time.s costlier than methyl alcohol technical, and hence the latter 
can be used with advantage (provided it is free from acetone) in the prepara- 
tion of Leishman stain in all big institutions where the stain is used in large 
quantities. 

Hmmglobin in jirccpKinaj . — The hsemoglobin values obtained in this investi- 
gation suggest that in uncomplicated pregnancy there is no appreciable lowering 
of the hffimoglobin level among the general female population. This finding is in 
agreement with the observations of Napier and Das Gupta (1937) in Assam. 
Napier and Billimoria (1937) found that the mean Hb levels in groups of non- 
pregnant and pregnant women were 10’80 and 10‘70 grammes per cent respectively. 
Fullerton (?oc. cil.), in discussing the iron requirements of women during the 
reproductive life, points out that menstruation constitutes a greater demand than 
pregnancy. The iron that is saved by the absence of menstruation during the 
period of gestation and lactation is greater than that required by the demands 
of pregnancy. 

Neither age nor parity appears to have any infl.uence on the hsemoglobin level 
in both the pregnant and non-pregnant groups. Davidson, Fullerton and Campbell 
(1935) have shown that in women of the poorer classes in Great Britain the 
hsemoglobin percentage curve falls gradually tlrroughout the reproductive life. 
This finding was not corroborated in the present investigation. There is no evidence 
to suggest that there is an appreciable lowering of the haemoglobin level aspregnancy 
advances. 

Several workers (Bethell, 1936 ; Fullerton, loc. cit . ; Eeid and Mackintosh, 
1937 ; and others) have regarded a hsemoglobin reading below 70 per cent of the 
normal value as indicating anaemia. Judging by this standard, the incidence of 
ansemia (hsemoglobin reading below 11 grammes per cent) was no greater in the 
pregn<ant than in the non-pregnant group. According to Bethell (loc. cit.) ‘ the 
occurrence of hypochromic anaemia in pregnant women is not to be found 
primarily in the circumstances incident to gestation but should be sought in 
he status of the hsemopoietic mechanism prior to conception ’. On the 
0 her hand, excessive loss of blood in parturition may result in hypochromic 
ansmia in women of the poorer classes whose diet is defective both in quality 

pregnancies may thus predispose to an hypochromic 

J, Mr 


9 



964 


Ilannafohijiml I )tvc}it{(ja!io}is in Sovfh India. 


The figure's ohtiiiiu'd in this invostigation for tlie mean liaimoglobin in the two 
groups are liiglier than those reported for pregnant and non-pregnant women hy 
other workers in India. Tliis aj'.jiears to he due to tlie efieet of altitude. Coonoor 
being situated at about (i.OOO feet above mean sea-level. 


SuMMAIJV AND f.'OXCLTT.SION.S. 

]. Haemoglobin estimations have been earried out by Bing and Baker’s 
modification of Wu’s method on KU) jiregnant and 100 non-pregnant women in 
Coonoor, (j.OOO feet above .sea-level. The mean hajmoglobin values in the pregnant 
and non-pregnant gronjis weri' lo-oo grammes and lo-.S] giammes per IfiO c.c. of 
blood respectivelv. 

2. No correlation was found to exist lietween haunoglobin and age. parity, 
and duration of pregnaney. 

3. In uncomplicated jiregnanev the haunogloliin level is not ajipreciatively 
below that of the general feniah' ])oj)nlation. 
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APPENDIX A. 


Haiiioglohtn raliivs of ]()() pmpiani vmiieu. 
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HiEMATOLOGICAL IXVESTlGA'l’TOXS IN SOUTH INDIA. 

Part V. 

THE EFFECT OF ALTITUDE ON IDEJIOGLOBIN CONTENT. 


HY 

G. SANKAHAN, 

' AKU 


K. HAJAGOPAL. 

(Nnlrition Jkscarcli Laboralurics, 1. 11. F. A., Coo)ioor, S. hnlia.) 

[Ucccivcd for publication, December 29, 1937.] 

In tiie cour.se of previous investigations on tlic iiteinoglobin content of the 
blood of Indian men and women (Fankaran and Hajagopal, 1938a and 6) it was 
noted that the subjects living in Coonoor in general gave a high figure which 
could he accounted for hy tlic fact tliat Coonoor is 6,000 feet above sea-level. 
Since a considerable part of the inhabited area of India is plateau or mountain, it is 
important that the factor of altitude should not bo overlooked in Inematological 
studies. The present paper describes an investigation of a group of Britisli 
soldiers newly arrived in the Nilgiri Hills from sea-level, which throws light on 
the relation between limmoglobin content and altitude. This problem has been 
studied elsewhere (Haldane cl al.. 1912 ; Fitzgerald, 1913 ; ICrupski and Almasy, 
1937 ; have made important contributions) but the authors are not aware of any 
■similar investigations in India. 


Method op investigation. 

, A British regiment which had been stationed in Madras (sea-level) for tw'o years 
IVellington' (6,000 feet above sea-level) in September 1937. A group 
38 volunteers provided the material for the investigation. All were healthy 
joang men betivoen 18 and 25 years, and reprc.sented a fair sample of the w'hole 
Ail were living under similar conditions as regards activity and diet, 
® he standard of general health was uniform throughout the group. 

arri determinations were carried out on the men three days after their 

nrior^f regretted that estimations could not be carried out 

for 0 ° I'^urney from Madras, Subsequently determinations were made weekly 
Jic month and again once two months after arrival in ^Ycllington. Blood 

( 971 ) 
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was taken througliout at the same time of tlie day. Tlie entire group was not 
avfiilable for all subsequent examinations, as is indicated by gaps in Table 1 . 
The average number at examinations after the first was 28 . 

The haemoglobin values of a grouj) of British soldiers resident in Wellington 
for over two 3'^ears were also ascertained. 

Bing and Baker's modification of Wu's method, as described in an earlier 
paper ■ (Sankaran and Ba jagopal, J 938 o). was used, results being expressed in 
grammes of haemoglobin per 100 c.c. of blood. 


Besults. 

The haemoglobin values of the group at various intervals after arrival in the 
hills are given in Table I, together with means, standard deviations, and coef&cients 
of variation. The same results are shown graphically in the Chart : — 

Table I. 


Hcemoglohin values of a grouj) of British soldiers lahen at various 
intervals after ariival at 6,000 feet above sea-level. 


Serial 

7-9-37 

10-9-37 

0‘> 

*^7 

^ C-10-37 

15-10-37 

15-11-37 

number. 

1 


1 

15-9 



18-9 

i 


I 6-5 

2 

14-7 

l'8'43 


, . 

i 18-8 

2 ’o -6 

lV-2 

3 

10'3 

, , 

16-80 

16-8 

' 17-0 

19-1 

4 

11-3 

17-99 

17-30 

20-8 

1 19-6 


20-6 

5 

13-7 

18-67 

17-.30 

19-3 

i 18-7 

19-6 

6 

12-7 

19-61 

16-1 

21*2 

I 

20-6 

J9-] 

7 

14-4 

19-12 

18-8 

20-0 

! 20-1 

. . 

21-4 

8 1 

13-1 

Left sto.tion. 

Left station. 

Left station. 

9 

12-0 

19-12 

18-9 

18-9 

19-6 

19-5 

20-4 

10 

13-4 

21-56 

17-9 

19-0 

20-6 

20:6 

11 

12-6 

17-00 

15-8 




22-8 
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20-0 ' 
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Taum: l~ro)irhJ. 
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Increase in the haenioglobin content of the blood of a group of 
soldiers on arrival at 6,000 feet above sea-level. 
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From Table I it will be seen tliat after oue week the mean level rose to 
17‘46 g. per cent from the initial mean figure of 12‘8'1 g. — a rise of 4‘62 g. At the 
end of the second week the mean level was the same (17'48 g.), but after three 
weeks there was a further rise b}’' 2’0 g. to 19'5G g. At the end of the fifth week 
the mean was 20‘38 g. and one month later, at the final examination, the mean 
value wms 19 ‘65 g. 

The mean hsemoglobin content of the blood of 125 soldiers resident for over 
two years at 6,000 feet above sca-lcvcl was found to be 20'38 g. per cent (o- = TOG ; 
O.V. = 5-2 per cent). The individual values are given in Table II : — 


Table IL 

HcBmoglohin values of a group of British soldiers after- 2 years' residence 

at 6,000 feel above sca-levej. 


Serial 

number. 

Hb, g. 
per cent. 

Serial 

number. 

Hb.g. 

I per cent. 

\ 

Serial 

number. 

Hb, g. 
per cent. 

Serial 

number. 

Hb, g. 
per cent. 
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67 
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11 
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30 

20-40 

49 
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68 

20*00 

1 

12 

19-00 

31 

20-00 

60 

19-60 

69 

20-00 

1 

13 

21-40 

32 

20-00 

51 

21-74 

70 

22-22 

14 

18-80 

33 1 

20-60 

52 

19-42 

71 

20-62 

15 

22-52 

34 

20-20 

53 

21-74 

72 

22-22 

16 

! 20-74 

35 

20-40 

54 

21-50 

73 

20-84 

17 

.23-12 

36 

21-00 

55 

20-00 

74 

20-40 

18 

2-2-40 

37 

20-00 

5(> 

1 

19-60 

75 

22-98 

19 

18-66 

38 

20-60 

57 

21 -.30 

76 

20-62 
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1 

uti. R. 

.Serial 

lib. p. 

.S’criiil 

lib. p. 

•Serinl 

Hb. g. 

niimUor. ’ 

( 

per tent. 

UUIIiImT. 

piT M*nt. 

number. 

per eeiit. 

iiiimber. 

per cent. 

77 1 

20-00 

00 

20 nn 

lo.-! 

20-;!0 

no 

20-30 

7S 

20-00 

01 

10-00 

101 

lS-20 

117 

19-20 

70 

20-0(1 


20-00 

10,'. 
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ns 

19-20 

R() 

22-!iS 

o:i 

20-02 

lOG 

22-:i0 

110 

22-.30 

.S! 

i0-0« 

0) 

^ 2.(-2« 
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20- 10 

120 

20-80 

R2 

20-00 

0.7 

20-00 

lOS 

22-:io 

121 

19-80 

S3 

lO-RO 

00 

is-ao 

ion 

20-40 

122 

1 

i 20-40 

j 

.84 

lO-SO ' 

07 

20-00 

no 

21-40 

123 1 

18-30 

8.’) 

20-00 

08 

21-00 : 

1 

111 

20-80 

121 

1 22-60 

1 

SO 

10-40 

on 

20-00 

112 

22-00 

12.7 

! 20-20 

1 

S7 

20-40 

100 

20-00 

n.o 

10-20 



8.S 

20-02 

101 

l.S-.SO 

114 

20-00 


I 

SO 

20-00 

102 

20-40 

11.7 

20-40 


1 


Mean Hb = 20:t8 R. per cent. Stamlarcl ticvialioii =• 1-OG. Coefficient of 
variation = 5"2 per cent. 


Di.srmsioN. 

In a previous investigation the mean Hi) value of .a group of 125 healthy young 
Indian men living in Madras city was found to he 16'57 g. per cent (Sankaran and 
Hajagopal, 1938a). The mean value in the soldiers three days after arrival in the 
hills from Madras was lower — 12'84 g. per cent. The men were all looking pale. 
A rapid increase took place during the first week, and by the end of the third week 
a figure close to the maximum was obtained — a rise of 6’72 g. per cent in the 
mean level having taken place. 

The level obtained within a few weeks corresponded closely with that observed 
m soldiers resident in the hills for over two years. From this it can be assumed 
that no further rise takes place after four to six weeks, 

Fitzgerald {loc. cit.), who carried out an extensive investigation on hmmoglobin 
m various places in the Eocky Mountains, found that the Hb percentage varied 
inversely -with the barometric pressure; above 8,000 feet above sea-level even as 
^au a diminution in pressure as 50 mm. of mercury produced a rise in haemoglobin, 
g ® ®nect varied considerably in different individuals. She concluded thS; ‘ for 
''^sry 100 mm. fall in barometer pressure there is an increase of 10 per cent above 
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the amount of Hb present in llte body al sea-level, the law lioldinfj; true for both 
the sexes The difference in barometric prc.'Jsure between bfadras and '\Vellington 
is roughly 1-15 mm. (7G0 mm. to 610 mm.), the mean prc.s.siire in ‘Wellington being 
about 615 mm. According to Fitzgerald's law this would involve a 15 per cent 
increase in Hb. 

Actually the increase in the soldiers was in the neighbourhood of 50 per cent. 
It is possible, however, that the levels recorded on arrival from Madras were 
abnormally low. The mean value in young Indians in Jladras was found to be 
16’57 g. per cent (>Sankaran and Kajagopal. 1938a). while for the 121 Indian subjects 
in Bombay it was 15'37 g. per cent (Sokhey c/ at., 1937). the latter investigation 
having been carried out by determination of oxygen capacity by the van Slyke 
technique. If a figure between our values and those of Sokhey and his co-workers, 
namel_v 16 grammes of Hb per ]('.0 c.c. of blood, is taken to represent ICO per cent, 
corresponding with average values at .‘-•ea-levcl. then the percentage levels reached 
in the group of soldiers would be about 120 per cent, an increase somewhat greater 
than that indicated by Fitzgerald'.*^ law. Lippmann (1926) observed that at Davos 
(5,111 feet above sea-level) the hnamoglobin content of the blood increases by 20 
per cent. 

In the famous Pike’s Peak Expeditioir. Haldane and his colleagues (?oc. c\l) 
recorded an increase in Hb coirtent to ‘150 per cent ' at a height of 14,100 feet 
above sea-level. Barcroft (1914). during an expedition to the Andes, found that 
the Hb values of 12 natives of Cerro living at 14.200 feet above sea-level were 
‘ 120 to 150 per cent ’. 

Haldane (1935) mentions r'arious symptoms occurriirg in the members of the 
Pike’s Peak Expedition during acclimatization; these included Inqrerpncea on 
exertion, and in some cases nausea, vomiting, headache, and fainting. Acclimatiza- 
tion at the altitude of most hill stations in India (6,000 feet to 8,000 feet above sea- 
level) rarely involves unpleasant symptoms. Nevertheless, it is common experience 
that exertion is difficult during the first weeks of residence. The subjects of the 
present investigation stated that they found it ‘ difficult to get air ’ on first arrival 
in "Wellington, and that they could not run 100 5'ards. Their capacity for exercise 
increased pan passw with the rise in haemoglobin. 

The present investigation supports the common conviction that it is wise to 
take things easy during the first ■weeks of residence in a hill station. If the rise in 
liaemoglobin is taken as the criterion of acclimatization, then the period 
required for adjustment to an altitude of 6,000 feet above sea-level is at least 
three w^eeks. 

The large increase in Hb which was observed in the present investigation shows 
that altitude may be a factor of great importance in hsomatological investigations. 


Summary, 

1. The hjemoglobin content of the blood of a group of British soldiers coming 
from sea-leyel to an altitude of 6.000 feet above sea-level has been investigated. 
Determinations were carried out at frequent intervals over a period of five weeks, 
unth a final determination nine weeks after arrival. 
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2. The initial moan value was jr. }>or cent. At ilio end of three weeks 
a rise of (5•72 fi. in the mean value was observe*!. Ivo further sifinifieanl lisc took 
place after this period. 
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content, 971 : estimation of, 741 ; in normal 
pregnancy, 957. 

HAiMOLYSlX of cobra venom, isolation of, 779. 
HEAT, see * effects of heat ’. 

HIGH-TITRE, see tetanus antitoxin. 

HISTAMINE, influence of, on intestinal move- 
ments, 95 ; -like body in aqueous humour in 
Rj^ucoma associated with epidemic dropsy, 

HISTOPATHOLOGY, sec keratomalacia. 
historical survey, see dropsy. 

HORSES, sec antitoxin. 

humour, aqueous, histamine-bke body in, 
in glaucoma, 101. 

HYDROCOTARNINE, see p-atninobenzoyl, etc. 
hygiene, see London School of Hygiene 
and Tropical Medicine. 

IMMUNITY, after cure of protozoal infections, 
absence of, 763 ; duration of antirabic, m 
immunized animals, 483. IhlMUNTZATION 
of horses for high titre tetanus antitoxin, 617. 
IMMUNIZING VALUES of diffeient forms 
of antirabic vaccine, 483. 


INFECITON : protoronl, nbi-ciuc of iininunity 
after tme of, 703 ; Ftiiptorotral, in mice, 
action of p-nmino-bcnrcnc-Fiilj boimmidc. -ICff; 
tbeorj- in cj idcinic drojFj, 233; INFIX 11- 
VITY of patients to mosquitoes, effect of 
nnlimnlnrial drugs upon, -1.59. 

INOCULATION, see B. proiciis A’19, cutaneous 
IcisliniaiiiaeiB. 

INTERNATIONAL ConrFo in Mnlariology, 
League of Nations’, 820. 

INTESTINAL MOVEhfENTS, influence of 
histamine and a ectyl- choline on, 95. 

IRON, ‘ available in Indian foodstuffs, C77, 
893 ; effect of administration of, on liannoglobin 
level in Indian girls nnd young women, 753. 
ISOLATION, Fee Bad. typhosuin, h.-cmolysis, 
ncurotoxin, strain of XK typhus, vitamin A. 

KALA-AZAR (Indian), viability of L. donotani 
excreted in nasal mucus in, 341. 
KERATOMALACIA (human), liislopathology 
of skin in, 39 ; red-palm oil in treatment of, 


LABORATORY' studies on rico ns aitiologicnl 
agent in epidemic dropsy, 215 ; tests on fungi- 
static nnd fungicidal effect of substances, 603. 

LEAD in urine and feces, 147. 

LEAGUE OE NATIONS’ 5tb International 
Course in Malariology, 829. 

LEISHMANIA DONOVANI. viability of, in 
nasal mucus in kala-azar, 341. 
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LEISH]\L4NIASIS, cutaneous, transmission of, 
by inoculation to man from lesion on a dog 
in India, 787. 

LEPRJE MURIS, see M. hprcc mnris. 

LESIONS, sec cutaneous leishmaniasis, peripheral 
nervous sjnstem. 

LIPASES, pancreatic, digestibilities of edible 
fats by, 427. 

LIPOID, sec blood-lipoid. 

LIVER autolj’sates, transformation of carotene 
into vitamin A in, 85. 

LONDON SCHOOL OF HYGIENE & TROPI- 
CAL MEDICINE, University Rcaclership in 
Medical Parasitology at, 833. 

ill. LEPR^ MURIS, attempts to cultivate, 835 ; 
in tissue culture and in chick-embrvo medium, 
329. 

MADRAS PRESIDENCY, endemic fluorosis in, 
5.53. 

MALARIAL, see antimalarial. 

MALARIOLOGY, League of Nations’ .5th 
International Course in, 829. 

MAN, transmission of cutaneous leishmaniasis to, 
787. MEN, normal Indian, index standards 
in, 505. 

MEAN red cell diameter, 951. 

MEDICAL PARASITOLOGY, London Univer- 
sity Readership in, 833. 

MEDIUBI, effect of growth medium in poly- 
saccharides of vibrios, 569 ; ilf. hprcc 7nuris 
in chick-embryo, 329 ; Wilson and Blair’s 
bismuth sulphite, 591. 

MEMBRANE, chorio-allantoic of chick, effect of 
plasma on, in epidemic dropsy, 261 ; response 
of, to inoculation with B. protcus A19, 595. 

METABOLISM, basal, in Indian boys in 
Calcutta, 901 ; calcium and pho.sijhorus, 633. 

5IETHYL, sec p-aminobenzoyl, etc. 

MICE, action of p-amino-benzene-sulphonamide 
against streptococcal infections in, 465. 

MIGRATION, see adrenaline. 

MILK, see skimmed milk. 

MONKEYS, sec cobra venom. 

MOSQUITOES, sec antimalarial drugs. 

MUCUS, nasal, see kala-azar, L, donovani. 

MURIS, see M. lejircc tmtris. 

MUSCLES, smooth, action of ephedrine-like 
amines on, 113. 

ALl/A lYA/A VEL TRIPUDIANS, see cobra 
venom. 

NAJA NAJA , see cobra venom. 

NASAL MUCUS, see kala-azar, L. donovani. 

NERVOUS SYSTEM, peripheral, lesions of, in 
vitamin-A deficiency, 661. 


NEUROTOXIN of cobra venom, isolation of> 
779. 

NIGRUM, see Piper nigrum. 

NITROGEN : complex of Indian foodstuffs, 
condiments, 373, 863 ; role of formalin in 
estimation of, in body fluids, 917. NITRO- 
GENOUS constituents in foodstuffs, 847. 

NON-PROTEIN, sec protein. 

NORMAL : blood, glj’colysis in, 923 ; Indian 
men and women, standard indices in, 505, 
723 ; pregnancy, hmmoglobin in, 957 ; rats, 
calcium and phosphorus content of soft tissues 
of, 633. 

NUTRITION, proteins of foodstuffs in, 57, 381, 
399. NUTRITIVE VALUE of Indian food- 
stuffs, survey of, 45. 

NUTS, biological protein value of, 381. 

‘ OGAWA ’, see T’. cholerec. 

I OIL, rod-palm, in treatment of keratomalacia, 7, 
use of, in supplementing vitamin-A activity of 
common vegetable oils, 11 ; seeds, biological 
protein value of, 381. 

OPIUM addicts, blood-lipoid changes in, 105. 

ORGANISMS related to V. cholerce, single-cell 
cultures of, 575. 

OSSIFICATION in Indian subjects, 267. 

OXAIJC-ACID content of Indian foodstuffs, 
671. 

p-AhUNO-BENZENE-S U L P H 0 N A M I D E, 
action of, against streptococcal infections in 
mice, 465. 

p - AJUNOBENZOYL - AmNOMETHYL - L - 
HYDROCOTARNINE, preparation, proper- 
ties, and pharmacological action of, 713. 

PALhl OIL, see red-palm oil. 

PANCREATIC LIPASES, digestibilities of 
edible fats by, 427. 

PARASITOLOGY, see Medical Parasitology. 

PATIENTS, see antimalarial drugs. 

PEPPER, see black pepper. 

PERIPHERAL NERVOUS SYSTEM, see 
nervous system. 

PHARMACOLOGICAL action of p-aminoben- 

zoyl-aminomethyl-l-h.vdrocotarnine, 713 ; 

examination of Randia dumetorum, 131. 

PHOSPHORUS : metabolism, content of soft 
tissues of normal rats, 633 ; availability of, 
from Indian foodstuffs, 869 ; effect of supple- 
menting a S. Indian diet with, 693. See also 
phytin-phosphoruE. 

PHYSICAL CHANGES, see blood, ‘effects of 
heat ’. 

PHYTIN-PHOSPHORUS content of Indian 
foodstuffs, 686. 
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PIGMENT nssoc’mtcd with vilnmin A nnd cnio- 
tone, isolation of vitamin A from, 17. 

PIPEIt NIGJlUir. nitrogen complex of, H-.l. 
PLASMA, eftect of, on tissue culture and eliorio- 
allantoic memlirnnc ^of chick in cjhdcmic 
dropsy, 2Cil. 

PLASMOQEINE, a new colorimetric test for, 
937. 

POLYSACCHAltlDES, fcc vibrios. 

PREGNANT, PREGNANCA', .see htematological 
Btudies. 

PREPARATION and PROPERTIES of p- 
aminobenzoyl- nminomethvl-l-hvdrocotarnine, 
713. 

PROTEINS, of foodstuffs, biological value of, 
of cereals, pnlse.s, and skimmed millc powder, 
by growth of rats, 57 ; of pulses, oil-seeds, nuts, 
and skimmed milk, by balance-sheet method, 
381 ; Supplementary values, 399 ; relative 
amounts of protein and non-protein nitrogenous 
constituents and their significance in deter- 
mination of digestibility co-efficient of 
protein, 847. See also nutrition. 

PROTEUS, see B. prolius A'19. 

PROTOZOAL infections, absence of immunity 
after cure of, 76.3. 

PULSES, biological protein value of, 57 , 381. 
PYROPHOSPHATE, stabilization of vitamin C 
by, 44.3. 

RABIES, sec antirabic. 

EANDIA DVMET0RV3I, N. O. RUBIACEJE, 
chemistry and pharmacology of, 131. 

RATS : calcium and phosphorus content of 
soft tissues of normal, 633 ; ectoparasites of, 
in transmission of typhus, 353 ; effect on, of 
supplementing a S. Indian diet with calcium 
and phosphorus, 693 : strain of XK typhus 
from wild. 345 ; supplementary protein values 
of foodstuffs, by growth of young, 57, 399, by 
balance-sheet method using adult, 399. 
readership, see London University Reader- 
ship in Medical Parasitology. 

RED CELLS, 505, 723 ; mean red cell diameter, 
951. 

RED-PALM OIL in treatment of human kerato- 
malacia, 7 ; use of, in supplementing vitamin-A 
activity of common vegetable oils, 11 . 

RICE, see dropsy. 

RIVER WATER, isolation of Bact. Ipphosum 
from, 591. 

RVBIACE^ (N. 0.), see JRandia (hmetonm. 

RURAL AREA in S. India, cholera epidemic in, 
585. 

SATIVUM (Coriandnim), see coriander seeds. 
SATURATION INDEX, 505, 723. 


SCHOOL childicn, phimmed milk nnd groutb of, 
017. See. nlso London School of Hygiene, 
etc. 

SEEDS, fre castor, coriander. 

SEROLOGICAL stiidy of neliiiom.vcc.s, 84.3; 
variation in single-cell cnllnrcs of V. cholera, 
etc., .575. 

SHREWS, ectoparasites of, in transmission of 
typhus, 353. 

SIKH SOLDIERS, diet survey of, 055. 

SIMLA HILLS, typhus in. 345, 3.53. 
SINGLE-CELL cultures of V. cholera, etc., 
variation in, 575. 

SKIAfMED MILK, nnd growth of school children, 
047 ; biological protein value of, 381, (powder), 
57. 

SKIN, see korntomnlacin. 

SOLDIERS, see. Sikh soldiers. 

SOLIU3I, SCO Tania solium. 

SOUTH INDIA, SOUTH INDIAN, see India, 
Indian. 

STABILIZATION, sec vitamin C. 

STANDARDS, see index standards. 
STAPHYLOCOCCAL infections in Toiec, action 
of p-amino-henzene-sulphonamidc against, 45 , 5 . 
STAPHY^LOCOCCAL toxin-antitoxin Tcaclton, 
Danysz phenomena in, 477. 

STOUfATITIS due to diet deficiency, treatment 
of, 043. 

STORAGE, effect of, on vitamin-A ronlcnl of 
foodstuffs, 89. 

STRAINS, sec nctinomyces, typhus. 

SULPHITE, see bismuth sulphite JnctBtjm, 
SULPHONAMIDE, see p-amino-fj«T/z'Tie p-fc- 
SUPPLEMENTARY (PROTEIN) I'ALLpi- 
foodstuffs, 399. -->>-/ 

SUPRARENAL GLANDS, cn/.yrr.e . . r 
estimation of adrenaline in, 91 ) . " ' • ' ‘'ef 

SURVEY; diet, at another feav-n I t r -.o i 
soldiers, 655 ; liistorical, of 
163 ; of nutritive value of fixrit'->^ <’, ',^'''- '*7’ 

TJENIA SOLIUM in India, 

TEA-GARDEN, se.? anaemia. 

TETANUS, see antitoxin, 

TISSUE: calcium and pho;-'-*. 

of rats, 633 ; culture, M. ^ o;, 

effect of plasma on, in "h 7/jVi, 

estimation of atehrin in, 4 W ‘ * ; 

TOXIN, see antitoxin. 

TRANSFORMATION, 4 .^ , 

TRANShHSSION, aj /_ 

typhus. ■-'•-"JW 

TREATMENT, see , 

TRIPUDIANS, see " 
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TROPICAL l^tEDTCINE, sec London School of 
Hygiene, etc. 

TYPJipSVM. sec ]hcl. h//)?io'>Km. 

TYPlfUR in Simla HilL. isolation of XK strain 
from vild rats, IMo ; cetojiarnsitcs of rata 
and shrons in transmission of, Il.V.l. 

URINE, lead in, M7. 

VECTOR, see arthropod vector. 

VEGETABLE : products, vitamin-A activity of, 
8o7 ; oils, vitamin-A activity of, when 
supplemented by red-palm oil, II, Ncr also 
foodstufls. 

VENOJI : Xaia lutia rel Irijmiiinns (Indian 
cobra), phy.sical changes in blood in riro after 
inScction of, into monkeys, K17 ; Nnjtt nnjn 
(cobra), rsolatioir of ncnrofO'\\n and bsimolysin 
of, 779. 

VI.dBILITY, see L. doJiurnm'. 

VJBIilO OlIOIjBJl/B : chemical and soroloaical 
variation in single. rell cultures of, 575 ; 
epidemic in a rural area in S. India by ' Ogawa ’ 
type of, 585, 


I VIBRIOS, polysaccharides of, 569. 

I VII'AiiriN ; A : deficiency, 30. CCl ; contents of 
S ghee, 02.'} : transformation of carotene into, 

I in liver autolr-.safc.s, 8.7 ; activity, of vegetable 
J oiis, red-palm oii in supplementing, ofvccefablr 
oils. 1 1, of anininl and vegetable products 
^ factors affecting, 857 ; adsorption and iaolatior 
of, from pigments as-ociated nitb carotene 
17. 

B„ : (nnti-dern)nfifis) contents of foodstuffs 
879, 

a ; .stabilisation of, ))3' psTopbosphafe, 443 
excretion of, hy human beings in S. India, 29, 
effect of cooking and sforace on, S9. 

VOLUME INDEX, .70.7, 72.'!. 

WATER . sec river vntcr. 

WILD RATS, .strain of XK t.vphiis from, 345. 

WILSON and BLAIR'S bismuth sulphite 
medium in isolation of Bad. typhosum from 
river water, 591. 

WOMEN, Indian, administration of iron on 
hicmogiobin level in, 753 ; index standards 
in normal, 723 ; anmmia in pregnant tea- 
garden coolie, 529. 




